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Distribution Characteristics of Polycyclic Aromatic Hydrocarbons in Different

Environmental Media from Qingbang Island, Zhoushan, China

ZHENG Huang', XING Xin-li'** , GU Yan-sheng'”, GUI Fu-kun®, QI Shi-hua'?, HUANG Huan-fang'~*

(1. School of Environmental Studies, China University of Geosciences, Wuhan 430074, China; 2. State Key Laboratory of Biogeology
and Environmental Geology, China University of Geosciences, Wuhan 430074, China; 3. Marine Science and Technology College,
Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: Eleven soil, three seawater and three passive air samples were collected from Qingbang Island in July, 2013, and 16
polycyclic aromatic hydrocarbons ( PAHs) were analyzed. The distribution characteristics, possible sources and ecological risk
assessment were investigated. The results showed that the concentrations of total 16 PAHs ranged between 60. 30 and 123. 34 ng-g ™'
with a mean value of 105. 49 ng-g~'in soil, 45.96-101. 08 ng-L~" with a mean value of 66.45 ng-L ™" in seawater and 5. 09-5. 41
ng-d ™" with a mean value of 5.35 ng-d~"in air samples, respectively. The PAHs concentrations of soil samples in tidal zone were
higher than those in other areas. The highest PAHs concentrations in seawater were detected in complicated hydrological sea area.
PAHs concentrations in air were equally distributed around the island. 2-4 rings PAHs were dominant species in soil, water and air
samples. Ratio method and factor analysis were used to identify the possible sources of PAHs. The result suggested that PAHs in soil
were mainly originated from combustion of coal, wood, diesel and petrol, while the possible sources of PAHs in water and air were
mixed. The ecological risk assessment indicated that PAHs in different environment media posed little risk to people.

Key words : PAHs; soil; seawater; air; pollution sources; ecological risk assessment; Qingbang Island
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AT WA L. TR Z 3 S R

121700° 1217307 122°00" 122°30° 123°00" E
31°00°
" A
Fa
30°30°
30°00°
24km
| IR

K24 IR, F 2013 4F 7 H 787 I 5 A & 3
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I, A NG RERZ (0 ~20 em) FEAL 11 4
(S01 ~S11). FrR&ERNHIEFESHRHOEFET
ISR T VKA (- 4°C) ELEFIFE T Sk
[FHsF, R PUF KRB RAE SR T 3 DMAUARHE
(AO1, AO2 . AO3, FAERFIA] K 2013-07-08 ~2013-11-
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E1 FERFADSEP RRESSHRE

Fig. 1 Surrounding areas and sampling sites of Qingbang Island
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IR R E TR E N, =R T
T3 100 A, FRIL10 ¢(CKiii 2 0. 001 g)
M2 AT e i 0 8 40 R A [BISCR H8 7R
Y1, 120 ~ 140 mL S ez Ul 24 h, Jf 4
. B W TR e i 75 AN (IR E Dl 40°C) 1k
4525 mL, A5 ~ 10 mL 1F C ek S 45 2 5 mL.
WA RGE B IR LR RER E AR (RBEE 2: 1)
(2T AR LA . T S e A IE O e (IR L
2:3)IRA WML, BRI E 0.5 mL, %R % 2
mL A, R 2B A SR E 0.5 mL, A NFRIES
Yi7s LR IS B T kA R AT

VKRR L LKA T30 =k, A 25
mL 50 H e B ISR AR R, A HH ot 8 R AR L
3 UK. BB AT TOAK B IR K AL B Y 2 B AR Tié
R BAL L (40°C) e AR B2 5 ml K 4 i i vk
W BACEREMTRE (B 20 1) SR ATk 4y B, F
25 mL {1 S b/ 1E Ok (IRFREE 21 3) 1R A Wk
PEAEMR. PRI IR S 78 RV AR 2 0.5 mL, 8R
Je A% 2 2 mL AR SO 7E AU A R A
AR E 0.5 mL, IMAWFRIEA 7S H 3L
HKETUKFEH R T

KAKES : RFEIS B9 PUF i A R AR 28,
TN NGRS R, S e 48 h. Je4kst
55 R ] - R T 1 T Ak 2.
1.3 AU A A o

KM Agilent 24 ] S AH 43 (6890N ) -Jit i
(5975) 43 #r T A Sh 16 FlOE4% PAHs . %5 (Nap, 2
W), “EUE (Acy,2 38) | JE (Ace,2 }) | 25 (Flu,2
) . FE(Phe,3 ) . B (Ant,3 ¥) ., % HE (Fla,3
W), (Pyr,4 ¥) FIf[a] Bl(BaA,4 ) | B
(Chr,4 3) | BIF[ b ] (BbF,4 ) | BIF[ k]
B (BKF 4 38) | HIf[a]tE(BaP,5 3) | Bijf[1,2,
3-cd ] TE(InP,5 7). — K[ a,h] B (DahA,5 ),
I o h,i]3E( BehiP,6 3F). A DB-SMS 4
Al TEE A (30 m x0.25 mm x0.25 pm). {43
FERE iR 00 4R 1R E 80°C, A HF 2 min; DA 4
°Cmin~", FFE 290°C , f£4%F 25 min, H £ A 4147
A TERE F . R TR Ry 280°C , 3RS 4l
275(99.999% ), FiHE M 1 mL-min~"  ARNFIEEE,
R 1 pl.

i S PR IR AE RN 70 eV, B T IRIR
Bk 230°C, #2113 B R 280°C, MU KT i A
150°C , B4 TG (m/z) J 35 ~450 u, 4%
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B AL IEC ke . MR (g At 1l A
FE[EH Tedia A, “H W ke (Aikali) Iy 5 L E JT
Baker 23 A]. A ALER (100 ~200 H) | BRI, 2~
EHBEAAE 48 hJ5, 23 7E 240°C A1 180°C & F
HE12 b RS I AL B 9 3% BTk K964k,
SR T T R A A . JCOK B RR B4R 4 BT A
TET IR dpeh 450°C K BE 4 b, THRA .

1.4 JFrEffES B EES (QA/QC)

LI AR A% PAHs. Naphthalene-d8 | Aceapthene-
10, Phenanthrened-10, Chrysene-d12 | Perylene-d12
A SRAEAE S SRR 7R W, 2 R il FE AT
Bl R i Ak B R AT IR S ORI, R K
FERIR SR 9 IR 535008 T1% ~97% | 63%
~78% | 13% ~85% . AHFFLAEH] B K 4 2 1d
ISR A FIREIE. 2% 2H 73 B89 07 36 A6 Y BR O # M1
W SERRFE (0. 2 mg- L™") AL AE 7 YORATAr i B
#H) 3 f5(MDL =38) :Nap 0. 13 ng-g™'; Acy
0.28 ng-g™'; Ace H 0.47 ng-g™'; Flu & 0.09
ng+g”'; Phe 4 0.01 ng-g™'; Ant 5 0.05 ng-g™';
Fla A 0.03 ng-g~'; Pyr 4 0.03 ng-g™'; BaA W
0.02 ng-g™'; Chr & 0.04 ng-g~'; BbF }y 0.04
ng-g~'; BKF 4 0.04 ng-g™'; BaP 4 0.01 ng-g™';
DahA 7 0.03 ng-g~'; BghiP 4 0.01 ng-g™'; InP
$}70.01 ng-g™".

2 HR5ITR

2.1 PAHs & & NaAh
2.1.1 3

ANIFIFREEA T PAHs (980 ( > PAHs ) 1l
F1 AR, FE 11 S HIERESL 16 R Se i PAHS
YIRS, 2 I e B 3P ) PAHs % B 3 O A7
TE. - 3Erh PAHs ) & &35 Fl b 60.30 ~ 123.34
ng-g', B {H N 105.49 ng-g”'. 7 FhE S PAHs

[ S C-PAHs: BaA. Chr, BbF, BKF, BaP. InP,

DahA | 55 ) PAHs i He{4r T 0.41 ~0.52 Z i,

SO1 ~ S08 5 Y PAHs % & ¥J7E 100 ng-g™' P I
PAHs HHF/KEPEAR, 22 BE-/K 43 B 2 50050 ,80% L I
SMBCE SRR DU A WL R BR ST SR A HL
% (TOC) 5 PAHs [ & A7 7E R APPSR S0l
~SO8 8 B Y7ty , i /e 32 AL A i PR e 4
HHUR &8, 1T A2 PAHs SR8 E )RR, H
1 S07 1 S08 i FPUAE=E)E , 52 A RiE sl g KT
HoAth 5 A, DRIHGX P A5 Y PAHs S B E  #Fak E] 120
ng-g ' L. S09 ~S11 X 3 i Tl %47, PAHs &
KT 100 ng-g ™', TTREREZ KR IR, 5
X T VI )7 2R Z VTR vh 2 35 D5 R i 5%
AL, BB HEBRT , PAHS FY 2 HBRAE

*®1 SESTERENFRF PAHs HEE"

Table 1  Concentrations of PAHs in different environmental media of Qingbang Island

PAHs j:%/ng'g’I ﬁ7k/ng'L’l j(%/ng'd’I

115 ofiss Y1 ¥fH 11 ¥fH
Nap 5.03 ~8.57 7.55 17.97 ~62.01  35.82 0.49 ~0.52 0.50
Acy 0.43 ~1.01 0. 67 ND ~2.90 1.30 0.03 ~0. 06 0. 04
Ace 0.80 ~1.55 1.12 1.30 ~1.75 1.52 0.12~0.13 0.12
Flu 2.60 ~4.54 3.18 1.65~3.52 2.59 0.25~0.28 0.27
Phe 10. 12 ~16. 49 13.24 5.81~9.74 7.62 1.07 ~1.13 1. 10
Ant 4.32~12.30 9.93 2.72 ~5.46 3.70 0.43 ~0.48 0. 46
Fla 0.66 ~2.10 1.20 ND ~1.12 0. 60 0.08 ~0.11 0.10
Pyr 3.21 ~8.98 7.38 2.20 ~4.62 3.24 0.36 ~0.40 0.38
BaA 1.50 ~4.70 3.58 1.24 ~4.53 2.40 0.17 ~0.20 0.18
Chr 5.68 ~17.81 12.99 1.68 ~5.39 4.04 0.46 ~0.52 0.49
BbF 5.44 ~16.40 12.73 0.67 ~1.55 0. 989 0.38 ~0. 67 0.56
BkF 4.05~12.42 8.63 0.42 ~0.82 0. 66 0.20 ~0.36 0.30
BaP 3.06 ~7.57 5.76 0.81~2.28 1.32 0.20 ~0.37 0.27
InP 3.38~11.83 8.03 ND ~0.42 0.14 0.22 ~0.26 0.24
DahA 3.24 ~10.32 6.01 ND ~0. 88 0. 40 0.21 ~0.24 0.22
BghiP 1.36 ~4.79 3.46 ND ~0.33 0.11 0.07 ~0.12 0.10
Z C-PAHs 28.18 ~72.44 57.75 8.51 ~11.47  29.86 1.97 ~2.48 2.27
z o PAHs 60.30 ~123. 34 105. 49 45.96 ~101.08  66. 45 5.09 ~5.41 5.35

1)ND R A#
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[ AR Al 3 X PAHSs (975 8 0L 3 2. SH il
Ue i 14 16 B LT PAHS FO3 VS Bl LB 1] 5
Tl K AR — A B g | S R AR W
15150 B F] Isola delle Femmine Hi X "k —4% 42
. AERFFRRMIX , N OB R, T %A, 450
BT AR EEAT X T R i TR SR R,
333 X B+ Y PAHs & R0, AR
B, PAHs 5 A\ 2896 sl A7 SC 1) B 2848 45 (GDP |, BE A
THFE &) 77 AR 4F M OEPED . 5 + e
PAHs 2 15 T4 T 038 1 XA 5 3 s B 2 3™ LA
PSTLNGS T
2.1.2 K

3 AR EES T, W03 H 16 FPETE PAHSs S8k
H. WOl ' Acy. Fla, InP, BghiP UL & W02 # InP,
DahA | BghiP KA. W01 ~ W03 H PAHs G H} 3
39K 75% . 100% | 81.25% . /K h % f+H PAHs
)R VE Il 45.96 ~101. 08 ng-L~", ¥J{E H 66.45
ng-L™'. > C-PAHs/ > PAHs <0.23. 3 P /KFE
o W03 SRS iR R, WOl Al Z5A R 1 AL A
LU R R S TR AN T ARV PR AU A B 42 v R IX 1 DX PN

KOCBERE . KHKILWE RIRK, SR W&
A BT, A2 A, R A Vi ML 45 TR R (A5
WF5E DIl B Wi K B | BRI BT
B LG X e R AL MR S B0k A KTk
TR R B R R R 5 IRk S B VS IR U B IR R A
Wikh FE R MK S IR, 5 BRI s ok TR
AT 2 i WO3 B HAh I 5 SR X —
X3, Rl PAHSs 5 B fc .

T ELE T U B A ih K th PAHs 1 &
K K [ N AN A T 8 P PAHs B9 75 B AT
P (L2 2). 45 R, I 5 R i K o
PAHs & ST RFESL TSRS A 41 i )
DA FUE T AR i PAHS (25 83 Rl 43 ok
44.62 ~240.91 ng-L™', 382.3 ~816.9 ng-L™"). [fl
B AR T 5 5 3 R 0 XY 5 i Saronikos ¥
VL) (B RSN 75.70 ~272.02 ng-L7", 103
~459 ng-L7"). MET VG PR X A
T BT (R LA S 8.5 ~ 76.5
ng-L™' 1.5 ~3.6 ng-L~"), # & & JA 11 K
PAHs & A T A K

®2 AEEXTEMGKS PAHs SEILE"
Table 2 Comparison of PAHs concentrations in soil and seawater of different regions
7y BFGEIC 2. PAHS 5 ik
PAHs o ¥E
JE T8 Tl X 16 1408 ~8 845 — 4~6 [14]
i 14 24.92 ~1014.61 192.83 2~4 [15]
+ 4 Isola delle Femmine Italy 16 35 ~545 139.3 4-~5 [16]
B 5 S AR 15 0.83 ~14.41 3.98 2~3 [18]
VIV RER 16 N.D N.D — [19]
FHLHE L 16 44.62 ~240.91 — 2~4 [23]
FLE R 16 382.3 ~816.9 552.5 2-~3 (8]
B BT i O X 15 75.70 ~272.02 150.33 2~3 [24]
K Saronikos M1, 7 i 17 103 ~459 — 2~4 [5]
TR X, PG A 18 8.5~76.5 — — [25]
Ve 14 1.5~3.6 2.8 2~4 [26]

1) 258 ng-g™'; WK ng-L™"; N.D AARMH; “—" R TR

2.1.3 KK

PUF B8l RAEAS BT INAS P PAHSs AO¥RJE A]
DL T AR

Cpane = Mpan/ R, - D,

Ao ’CPAHsy‘jj(L:(‘EF‘ PAHs E@?@&F(ng-m_3 ) ’MPAHsy‘j
PUF ) PAHs 54 (ng) ,R, JRFEHEA, D JR
FEREL. PUF 88l RAEAS 1 RALHOR— Bk (3.78 +
1.83) m’d ™" SRAEHUR R GEHZIREE | K 1k
BTN Z S AR PR R i R rhifs 2
W FARAERIATAE. P AR T2 8

SRAERAT AR AL IE | P T3 i AN FRCR A
MR KA PAHs & B A5 Fng-d

H T PUF fig [A] i R 42 A8 A BURL AS oy
PAHs. P 3 DMRAHFES Y, 16 FhLYE PAHs ¥k
K, S REE N 5.09 ~5.41 ng-d™', BI{E N 5.35
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Table 3 Factor analysis for PAHs in soil of Qingbang Island
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Fla 0.957 — —
Pyr 0. 631 0. 686 —
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BghiP 0. 860 — —
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