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Distribution, sources and ecological risks of polycyclic aromatic hydrocarbons in
water-sediment system in Lake Small Baiyangdian

ZHU Ying, WU Wenjing, WANG Junjun, QIN Ning, WANG Yin, WANG Yan, HE Qishuang & XU Fuliu
(College of Urban & Environmental Sciences, MOE Laboratory for Earth Surface Process, Peking University, Beijing 100871,
P.R.China)

Abstract: The contents of 15 priority polycyclic aromatic hydrocarbons (PAHs) in water, suspended particulate matter (SPM) and
sediment from six sampling sites in Lake Small Baiyangdian nearby Duancun Village were measured by GC-MS. The PAHs
distribution, composition, source and ecological risk were analyzed. The following results were obtained: (1) the total contents of 15
priority PAHs (PAHI15) varied from 40.1 to 74.0ng/L with the average of 51.0ng/L in water, from 2438.0 to 5927.0ng/g with the
average of 4528ng/g in SPM, and from 466.9 to 1366.4ng/g with the average of 755.6ng/g in sediments. Compared with other areas
in or out of China, the PAHs contamination was not serious. (2) The percentages of 2- and 3-rings PAHs accounted for more than
80% of PAHI15 in water, SPM and sediment, respectively. From water, SPM, to sediments, the percentages of 2-rings PAHs were
declined sequentially; while these of 3- and 4-rings as well as 5- and 6-rings PAHs were increased gradually. (3) The major sources of
PAHs in sediments were the combustions of biomass fuels (straw, firewood) and coal; while the combustions of liquid fossil fuels
including gasoline, diesel and crude oil was the secondary sources. (4) Owing to the contents of Fluorene (FLO) and Phenanthrene
(PHE) varying between the ERL(effects range low) and ERM (effects range median), their probabilities of ecological risks was
estimated between 10%-50%. The probabilities of ecological risks for the rest species of 15 priority PAHs were below 10%, since
their contents were lower than the ERL.
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FERW, M FIK IR R G0 P A AR R RR B (19 PAHS 75 42l

M JE 2 TR B A b b X e KR K, ZA <RdbHBR 2R, TR ;R AHE, X
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Tab.1 The coordinates and surroundings of sampling stations in Lake Small Baiyangdian

HE S K KGEm)  JKIR(CC)  HEEIELL

1 38°50'38"N 115°57'31"E 0.7 15.5 FRIFHUOLIE, DUKAY) %

2 38°50'01"N 115°57'90"E 1.2 16 KA, Ao RUUKAEY)

38°49'45"N 115°57'35"E 1.9 16 TRIEWILIE, TIKAY R, 5 LR

A RN

4 38°50'51"N 115°55'94"E 0.8 16 IREHE L, DUKAE YR A RS, 7Kk
FERER LA

5 38°50'65"N 115°56'66"E 1.9 17 ToUtKAEY, JA A % A4

6 38°50'89"N 115°56'96"E 2.0 16 SEEANE, JCUUKAY, JEEA SR G

P, TUIREA LR

1.2 H@AHENE

¥ 0.45um FLRBIHLFAEIEIE ] 450°C =ik ABE 4h, THEE 24h JEFRICE (URIE S & K IL RG2S
(R 7K A T 28 i A B et 0, 43 ) AR A5 3ok B 5 K R RLE IR ). 1 BB Ol Millipore 23 H] (19 -5y
8OELO00S Mk sh 34 Hz H AR N 142mm A5 IR AL, AKFECRAAAEAR GBI, SRIBCHT A 2 3405 12 fie
15/”% NAP-d8., ACE-d10, ANT-d10, CHR-d12 Fl Perylene-d12. HZFFF5Z M E Supelco A A C18
[ ARAS IO (6ml, 0.5g)#<HC, FH 10ml 2247 B9 S M Be o =R Ue e, DRI JCK AR R AL BR 237K 43I vk
AiEZ) 1-2ml, A 15ml IE C RN, R R KA E L 1ml, il A W AR LS P (2-fluoro-1,
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1'-biphenyl Fl p-terphenyl-d14: J&K Chemical, USA)F. FER, A T IHBRTEBZ SR AR, RARYEVER
TR B P R R e B it — 25k, WARPEBOR TG 0B, I EAERIH GC-MS A, JCHA 2% i
P, % PAHs BARHIERE, WIARTEERTEA; (AR, WRLIPRA B0, VA R, O
HEATEAL. ABFST B 2R —Fp IR L.

B A B TR R IR A VR TR R AR IR B, R AT &S IR IR E e, SRR E R, Kk
PEBTRE, FE g 40 ar, A Z S5 R RIE R Y (R L), AR CRBUEREE. AR mA
100m1 & FGEFIE CRERTTR A(V:V, LD RARIS L ARy, KIS SRR R SIAE 55°CAE L, RIE4 24h.
PEHUR FHRES AL, A 20ml IE CBEk R AEEE. ARG IIA Soml TRAVERI(E & be: — 5 H 5, 3:2)
Ve PAHs 243 & PAHs BIVEBIBRGE T HER 7288, Wi 229 1ml A WARESPrR#.

DU ZR AT 80 B, MRINAN /MBS AL 10g, AELIERAEL:, IMAZRI5
SR IE R YI(R L), FIE S ke — A B ReiRA R VY, 1:1)RCHEE 24h. $EBGRINA GG R R4l
HMIRBEIG, TERRZE /AN FHe4a5) 1-2ml, ALY 15ml IF C AR i, SEukMG 24 Iml. PRk S
FFE BRI ik E T, gk SRR A, BE R BRI RS, A WARMES P RRI.

FA BRI R I GC-MS(Agilent GC6890/5973 MSD)4r#rilllE PAHs #H4r. GC 4{4F: HP-5 MS
30mx0.250mm FEANE @i, R ALl He, Ar-ibee, dEREE R 1, FILEFER 60°C, L 5°C/min #
FEFHREZE 300°C, {18 20min EREFSERF . MSD 444 E1 FLESUE 70eV, JRRTEHE 45-600amu, 5185
HE 1288V, B FIRIREE 230°C, 1E4EE TR (SIM)RE .

B RAE SRR SRR E 3 A PATHE, ACBIRE S R 58 7 1A 28 FUFIAR T 25 (. PAHS ££ = AHH AT %2 1]
R ARG PR ansE 2 Bz, {#i ] Microsoft Excel #1 SPSS #4754t 10t

7% 2 PAHSs 5 Jy 2% RIS R FAG I BR
Tab.2 Method recovery and detection limits of PAHs
&% NAP ACY ACE FLO PHE ANT FLA PYR BaA CHR BbF BkF BaP IcdP DahA BghiP

RIS (%)

7K 35 9 98 90 96 99 102 105 99 76 102 74 76 31 21 40
BiFY 53 40 71 82 94 54 101 91 8 92 102 112 48 97 86 87
bIRaLY| 55 58 61 64 74 65 82 83 88 81 91 81 75 74 69 67
J7 AT R

7K (ng/L) 59 4 5 24 40 3 4 6
BiFY(ng/g) 70 3 3 11 32 3
TR PI(ng/g) 25 1 1 8 20 1 3

2 RS

2.1 PAHs M4 i 5 H R 4F1E

INEPETEK B TEY)S DTRY = AR PAHS 19 8 R H 5 E A AL IX A LR 3, AS[EIRE A PAHS
BS54 L 1, PAHS 78 =AHTP A9 E 4R LA 2.

TUEWIH 15 F PAHs HRERG Y, PAHs SN 755.6+£327.7ng/g; AKAHH G 9 #h PAHs 244K, {035 6
2. 3 25 PAHs DL 3 FPUZF PAHS((EU(ANT). % BU(FLA)FIEE(PYR)), 2 FpPUEF PAHs(# 3 (b)7% E (BbF)
AR (k)P E(BKF) LA I 4 i 5. 6 28 PAHs KA il, #iih i) PAHs S0 51.04+11.88ng/L; BIEYITA 3
Fh 5. 6 B PAHs(Ei31:(1,2,3-cd)iE(IcdP) . — 4 Jf:(a, h)E (DahA)FIZE I (ghi)JE(BghiP)) A i, Hifth 2-4 ¥
PAHSs LA & 5 FRIZE () Lk (BaP)YIREAS HY, #Hi% PAHSs it Ky 4528+1522ng/g, 29 MITUARY) 46 Y PAHS
BEM 6 5 3). K. BIFYSIEY S LMEA R IE(PHE) I (FLO) & S . /K5ETEYH PAHs
= 1 5 NS R 0 A2 7 AL S L P = I NS A T A S N L S A= i AN = RE S A ALY/ L
PAHSs -2 i i T KA 3 5 Rl X T . 37 B 2 DURI DA S s R R ORI, &
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K. BFYSTIRY F PAHs &2 S5 MAATES R 225, 6 MEESTUR IR F/S 3 PAHSs, HAHE
16 ULRUWIH PAHSs B & DR HSIE PAHs P8, HUCRRES 3, MikER 1 BAK(E 1a). 6 HEARTT
YIHRBIRK H FSH PAHSs, FEHFES 1, 2 BIF YR U PAHs WARKGH; #R5 6 BIFY)H PAHs B& &
fern, HUOWFER 1.4, TFERL 3 FefIR(& 1b). 6 AMRE KA 3 ARAG ) 7535 PAHS, £ 55 3 /KA PAHs

3 NEVEEK . BRI SUURY T PAHS & R KRS R N AR A X LR A

Tab.3 PAHs contents in water, SPM, sediments in Lake Small Baiyangdian and their comparisons with other

regions in and out of China

PAHS KA (ng/L) PP (ng/g) VIR (ng/g)
biEnEE] B hrfE 2 1 BI{EhRifE2E 1 K {EaprfiE 22
ACY 3.2-5.0 4.140.7 37.8-77.1 63.7+15.0 1-33 2.0+0.9
ACE 2.8-5.4 3.740.9 197-481 324.3+101.3 3.5-17.0 8.3+4.7
FLO 16.8-26.9 20.243.6 666-1480 1152.4+£382.0  94.7-271.5  156.4+61.9
PHE 11.6-27.7 16.7+5.6 698.3-2728  1642.4+731.8  249.3-672.0 398.4+155.1
ANT 0.2-1.4 0.9+0.5 92.9-2061 496.8+768.6 8.9-40.0 18.3+11.1
FLA 2.2-46 3.040.9 2153-4262  337.8+84.0 35.9-146.4  73.4+42.6
PYR 1.1-2.7 2.0£0.6 117.3-270.6  210.7+56.6 22.8-82.4 3924236
BaA 0-0.24 0.140.1 0-146.5 46.7+55.1 2.7-12.7 5.243.9
CHR 0.2-0.8 0.4+0.2 88.0-451.5  202.3+127.8 8.3-35.1 16.849.9
BbF - - 0-95.2 25.2436.5 7.1-29.9 13.6+8.6
BKF - - 0-109.4 21.9+43.1 2.9-113 5.3+3.2
BaP - - 0-16.1 3.946.7 2.1-10.3 4.443.1
IedP - - - - 3.3-18.2 7.0+5.7
DahA - - - - 0.6-3.1 1.240.9
BghiP - - - - 2.8-13.5 6.0+4.0
PAH;s 40.1-74.0 51.0£11.9  2438-5927  4528+1522 466.9-1366.4 755.6+327.7
FAEE - - - - 324.6-1738.5 588.8+219.3
FETURS
FGTIHIRT 946.1-13448.5 6471.1 317.5-238518.7 217245 61.9-8405 2873
REWEFETS  74-101742  432£1568 43.0-34024.1  4538.7+£5962.6  2.4-27153.0  1029.0+4043.1
HuX K
KHEK—  45.8-1271.6  281.643369 938.3-64189.4 13516.8+14199.7 0.8-531.5 46.0+105.2
AL S e
IKiro 37.5-183.5 13454548  3369.6-7531.1 5607.6£1575.9  2091.8-4094.4 3156.1+814.7
EEE - - - - 7300-358000 -
ERITALY/
B =40l 152-569 329
ﬁﬂﬁ[&]
A 9-31774 3142
by NS <100-380000
E%[M]
FHHE/R IR 50.8-13482

i Gernlic 357
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Fig.1 PAHs contents and composition in Small Baiyangdian Lake(a: sediments; b: SPM; c: water)
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=AHrh 2 3 3 3R PAHs #4453 80%L) |F; K
AHFDE PR P AH ) R BN & 2R PAHs, (R UTERIAH
FEFLSFR PAHSs, 5 2.5%; MIKAH . B YAHZIT
AR, IR AAPER PAHs & 4 10 4 H MK Uk FRAT,
T E MK IR FH . 2 35 PAHSs 15 4 A 7 AR TR R
9 54.9%, BIRYFVURY PRI, TR 2
3F PAHs X5 22.1%. 3 ¥F PAHs A4 & mAETiH
PR, K 64.9%, BIFWAIKA PRk, KAE
3 3 PAHs 1% 5 40.3%([# 2).
2.2 PAHs 7 =S B BT

s i =
SPM V11117171 E=
w I =
0 2I0 4I0 6I0 8I0 100(%)
O-% B=# BNUF OrAF

B 2 INEAFEREK (W), BIFYI(SPM)S
UUBWI(S) T PAHS 734 F 43 4k
Fig. 2 The average percentage of different ring
PAHs in water(W), suspended particulate
matter(SPM) and sediment (S) in Lake Small
Baiyangdian

B =AH PAHs ¥R EEGEATXHEUE W, ZAGIRTT S X BUEA i, X AT AR5 T 2805 Y B0 HOE
O AT G RAEC). T Pearson AHICHEMT R IR, 7E 0.05 BEKE T, AKARFIEIF YA 4 PAHs %
T ARG MKARFYURYIAE . B YA A T PAHS & S AGHC MR 2%

5 WL TR B85 0 Ko T LA SE S T Y ) SO A [T AR FR AR ] 9 A3 BO R 50, AnSRK o i) PAHs £E 2
TRIURL ) (SPM) FIZK AR (Water) 22 8] 15 BRGS0 B F- i, U] T HEE500RE 90/ 7K 43P 5 550 K0 A B A ALAR Wi
ST Koo PAHS 7E/NAPETEK I P Y . DUBW — M IR0 BRI W B 50 B 45 R (G )R,
INFLEERE B ETEYI K . DU K A B R B T OSCRR B, 3X 5 Foster 251X} Chesapeake M1 £ i
YK EIIRAE, LA McGroddy!™®"IXf Boston 5 AUUTEIMIMF o 45 R —3k. HRTREDR IR, BRBES A i
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PAHSs W Bt 40 A0 70 SRR R Ok b, X F— A B e A ok A et 710,

% 4 PAHs 767K . BT7Y) . DURRY) = IA0A HLER W B 450

Tab.4 The organic carbon adsorption equilibrium constant of PAHs among water, SPM, sediments

SCHRAE EEYIK TUERIK BT
P ke g, leko™ o K Rowsamel
—1gKo ™ —lgKo ™ Koc k-ginm
ACY 3.68 4.54 0.86 4.23 0.55 0.49
ACE 3.60 5.29 1.69 4.89 1.29 0.39
FLO 3.86 5.11 1.25 5.43 1.57 2.07
PHE 4.25 5.35 1.10 5.92 1.67 3.70
ANT 4.22 6.11 1.89 5.86 1.64 0.56
FLA 4.90 5.40 0.50 5.93 1.03 3.32
PYR 4.86 537 0.51 5.83 0.97 2.84
BaA 5.59 6.17 0.58 6.40 0.81 1.69
CHR 5.54 6.10 0.56 6.21 0.67 1.27

* BRI /7K S e R Kp°bs=[PAHs]SPM/[PAHs]waler(l/kg), [PAHS)spm METFYI T PAHs B BIK L, [PAHS]water
UK HT PAHs M BV B f% K A BLRR B f bRk, A5 B A BL Gk W B SP  (K o)
KOCObS:KpObS/focSPM~

T T ) 2.3 REMFY PAHs B fE3KIR

b Yunker %% %} FLA/(FLA+PYR) . IcdP/(IcdP+
sk A § BghiP). ANT/(ANT+PHE). BaA/(BaA+CHR)% %
£ ;&;\ FHHY PAHSs [65357 1A AT B A0 0 5 A 202
206[ Lo o = T TAMS RS, A FLA 5 PYR, IedP 5
O R R & BghiP HIIREEAT MERESRA, H W EAE ST R
= 4T b 5 HIXFEAE, UL FLA/FLA+PYR).IedP/(IcdP+BghiP)
N ] S WAL ERGEC. T TodP A BghiP 7E/K
o © RERIRWT R, B AU P AT

th 0"2 O"4 Y o o Yk PAHs AURIE. 4 FLA/FLA+PYR)Y/NT 0.4 A
FLA/(FLA+PYR) BAME, AT 0.4-0.5 Z a5 H BRI

B3 /N BT TUR o 23R 5 S RS R BRI B R ARRREE, KT 0.5 IR A
Fig.3 Diagnostic ratios for source AR FRIIRRGE; 2 TedP/(TedP+BghiP)/NT- 0.2 I
identification in surface sediments from Lake AR, AT 0.2-0.5 ZIEIHR A WAL ARG
Small Baiyangdian b TR AR RRRE, KT 0.5 B AR R

B R

INEITEVE R R R B VIR PAHs RYFFIE FLE (& 3)R W], BRAE 5 1Y TedP/(IedP+BghiP)ig /N T
0.5 4b, HAKFE S A PIALRE LY KT 0.5, BARA PAHs FZOR A% AM . AL BN, T
IcdP/(IcdP+BghiP) HUEFI & T 0.5, 7EK 4 hitE TIRA X, RPWTIRY T PAHs W] REZ IR A BB GR
B IR . X5 TE X RARTE 7 S SRR R AHAE, JF BT K FRIELEN A LA
Rl b AZ 0 A — 2 B, X ERIE T 2.2 T R oA LB W TR B A b SR

AR P BT BRI A RIS X N 1 PAHS SRR, A T S VR (14 W /I8 1 A SE TR A T PAHSs 1SR,
AWEFEFIF SPSS #AEXF 6 A KAE M AR PAHs BRI TR Fo00T; BORARFsEREA A, A2
KMO Kig 5 R 0.697, KT 0.5, A M F 0. R ER T IRSS & 7 20 K IE e, #



& BE. NGQFERK—ABYEAASHRT BRGSO . RREEERE 643

BRI Ir 22 5TIRA R T 90% 9 K 7% 5). £ 5 7 EWRIEASHERE Ja 19 E N T HRHIEAR 5

T 1 FE . ®F PAHs LI KA HIMEIF PAHs AT 4 LA R VR AT 4
W, HETRER, 208 TEACY) . £ [g, Tab.5 Rotated component eigenvalues and loadings
h, i]46(BghiP). #JF[k]7¢ B (BkF). —#Jf(ah) as well as possible sources of PAHs
E(DahA). ZKFF[a]tE(BaP). KIf[b]7C B (BbF). FHT FHT1 FHT2
EiIf(, 2, 3-cd)E(IcdP), JH(CHR), ZEIf[a]El FEAEAR 8.912 5.591
(BaA). H(ANT). {#£(PYR); £HT 2 FEHL FLETHE 59416 37.270
¥ PAHs ML, AR 00EAE, o 5h: —&0s BT £ 5K 59.416 96.686
(ACE) . JE(PHE). % (FLO)FI%% #.(FLA)(3 5). Hi FHF ACE 0215 0.975
TR BE IR = A AR R E L A9, Rk, wf HA ACY 0919 0.195
DIARYE 15 FPdLor i 128 amr 45 ok AW PAHS FLO  0.530 0.805
BISKIR. ACY 1 PHE J& A M /3 S50k beHE Ak 4 £ PHE 0.503 0.858
Py Fp (25261 BghiP I DahA 3838 VA MR B HE ANT 0.772 0.513
WAL A 272 PHE. ANT. FLA. PYR. FLA  0.599 0.773
CHR .BKF #l BbF R R HERL A 322 PAHSS2Y, PYR 0.718 0.679
BkF. BbF Fl CHR /& " [l 5 FH R HER 1 5 BaA 0.811 0.579
A EER PAHSE3Y, TedP Hil BaA 2351 0 4238 CHR  0.821 0.539
S R BE 5 R AR SR B HE U AR L A B Y, BbF  0.879 0.464
BaP. FLO il ACE #iA g B AR HER A RRE 1L BkF  0.895 0.434
AP FLA A PYR 28 AR Be s i £ BaP  0.882 0.465
Y PAHs PR PRk, 0T RAHEIRT /N A BE T IcdP  0.863 0.501
BPh PAHs EZORIETAM/ES . B, K&K DahA  0.884 0.464
SUABFEFFRRARE . 2l v am A S h i A be . LA BghiP 0.898 0.427
R R A (R 5). FRAE KR AAFEeR G fatp
2.4 PAHs MY &E R IR Rk e
— R ARERN (. . =3 PAHs 7] DL 3 35 TR B kb T AT#hbs
SRR, ST PAHs A WEAS BEIR S
SR B3, el AR A [ SR o R E Y P
TR IR B 5 bR U B SE A T (2) BB (BaP) bk EE R KRR ps

2.8ng/LP, HEAOK bR ERLE BaP B4 A AT
2.5ng/LP% AT ST ARAG I EN KA (1 BaP, HH A A KBSGAR /.

FARAEDUBU T Y A A5 KU A B A T AR 2898 TAE, (B3R # S iR Gi— PP ARiER"). Long %
TERAR SRR ST B9 FE AN _E 4R T RA e T 11 L RS TURR ) oA MUY Y (0 T A 2 25 DR AR A58 [X )
(Effects Range Low, ERL)FIZU X [B] 1 {E(Effects Range Median, ERM), Ff-#40 k2 T AR 4 o 2t i A 2
JRURE K830, M5 Ye ik BE<ERL B, A4 E 500 JLR<10%; Y15 4 Wik EE>ERM i, A= 44 55k
JLFE>50%; M5 33k AL ERL-ERM 2 [0, A9 EROV LR T 10%-50%2 [A].

7R SR FH R A T BRI S 08 FH A D510, B R AR SRR AR A U PP RS KU 5 . T
BAKLWT:

M=C/ERL
R=100x(C-ERL)/ERL
o, MOBFRMEEG C AR Z 05 I W R b, RIS AT 5 3% 6 k.

YUY FLO. PHE 7E 6 PHESAYMKEEAREEL ERL, /v F ERL 5 ERM Z A, MFRFRSHIkF
398.5%~1329%7#1 3.9%~-180%; i ACE M1t ERL MIRESECH 11, HIREN 6%; HAth PAHs B[k
¥IIEF ERL. B UL, FLO Fl PHE X7y (i s K AR 9 A4 B XU J LRl 10%-50%, ACE X /)y F 38 =i
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6 /NAFVEDLRY) PAHs 5% B it 5 ERL Il ERM fELAY LLAL
Tab.6 Comparisons of PAHs residues in surface sediments from Lake Small Baiyangdian with ERL and ERM

. . . <ERL >ERM
PAHs ERL ERM  AH[5(ng/g) e AR B o s
ACY 44 640 1.0-3.2 0 0 6 0
ACE 16 500 3.4-10.1 6.0% 1.1 5 0
FLO 19 540 94.7-271.5 398.5%-1329% 5.0-14.3 0 0
PHE 240 1500 249.3-672.0 3.9%-180% 1.0-2.8 0 0
ANT 85.3 1100 8.9-40.0 0 0 6 0
FLA 600 5100 359-146.4 0 0 6 0
PYR 665 2600 22.8-82.4 0 0 6 0
BaA 261 1600 2.7-12.7 0 0 6 0
BaP 430 1600 2.1-10.3 0 0 6 0
DahA 63.4 260 0.6-3.1 0 0 6 0

3 it

() =AHAILL 2 BRI 3 2R PAHSs & i, 5% 80%LA 1; I H MK . BI29 ST, 2 34
PAHs KIRFEAR, 3 35 4 FFI R MK TR ZNFHETE KA TS Yo Fe i 55 Ao L A0 AR 2 8L

(2)7IN PR SR 52 (0 2R P70 /7K CRR A 7K A MU W BRSP4 5 Koo 278 T SR il JFH £
4 PAHs 1 Koo K-UTFRMIR T Koo K—BVEY), BLHIIXLE PAHSs 7EUTFRY) LR F L3 %

GYNEVEETIRYI T PAHs SRUEAFEAM /S . . KRR FEFFIORREE . SSB R Im A SE Y
WRbe . ASEI IR R AR o E W BORRORH RS T . FERH FURERO IR 2, ORI A RBH A
S0 AN ) R BE LA S B 1 R B A 7

(4K PAHs 94 SRR/, TUEIH 925 (FLO) . JE(PHE)AY LS K LA T 10%-50%2
i), JCA PAHs SRR AR S KR LR BT 10%.
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