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The distributions,composition and their determining factors of polycyclic aromatic hydro-
carbons in emergent macrophytes in Small Baiyangdian Lake
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( College of Urban & Environmental Sciences, MOE Laboratory for Earth Surface Process, Peking University, Beijing 100871 ,
P.R. China)

Abstract: The contents of 16 priority polycyclic aromatic hydrocarbons (PAHs) in the seven tissues of three species emergent mac-
rophytes from five sampling sites in Small Baiyangdian Lake nearby Duancun Village were measured by GC-MS. The PAHs distri-
bution, composition, and their determining factors were analyzed. The following results were obtained: (1) the total dry-weight
contents of 16 priority PAHs (PAH,¢) ranges from 82.5 to 448. 6ng/g( dw) ,with the average contents of 448. 6ng/g(dw) in lotus
leaves,129.3ng/g(dw) in lotus stems,292.6ng/g(dw) in cattail leaves,166.8ng/g(dw) in cattail stem, 82.5ng/g( dw) in cat-
tail roots,141.5ng/g( dw) in reed leaves and 90. Ong/g( dw) in reed roots. This shows that highest contents are in leaves, followed
by stems and roots. The significant positive relations among the contents of PAHs congeners in seven macrophytes tissues are ob-
served , implying the very similar PAHs distribution patterns among seven tissues. (2)Of 16 priority PAHs, lower molecular weight
PAHs are dominant with the percentages varying from 66.2% (in lotus leaves) to 89% (in cattail stems) , while the percentages
of moderate and higher molecular weight PAHs range from 10.2% (in cattail stems) to 32.6% (in lotus leaves) and from 0. 6%
(in cattail leaves) to 3.7% (in reed roots). Six PAH congeners including phenanthrene (Phe), fluoranthene (Fla), naphtha-
lene (Nap) , fluorine (Flo), pyrene (Pyr) and chrysene ( Chr) are dominant components with average percentages of 35.3%,
15.5%,12.1%,11.7%, 9.2% and 5.2%, standing for 89% of total 16 priority PAHs (PAH,;).3) PAHs contents in emergent

macrophytes are observed to be significant positive relations with their lipid percentages, and to be significant negative relations
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with the octanol-water partition coefficient (K, ) and octanol-air partition coefficient (K,,) of PAH congeners.

Keywords ; Small Baiyangdian Lake; emergent macrophytes; PAHs; distribution; composition; determining factors

Z 55 # (Polycyclic Aromatic Hydrocarbons , fajF PAHs) J& ¥ 85 o T 72 77 1) BB B A A WLV 4e 8,
BABUG B R, O Z B EPRASRL2E R0 )12 KE. 78 1976 4236 HIRBE A /#2129 Ff
e RIE Y A 16 FEZ R R A P o A 7E 1990 ARFR 2 4 Kk o 68 R s e,
ZIFFRACAYS T R YRR S R AR, 4 A2 RSP PAHSs (975 Y0, i i
R I SR G ) P R R SR [ P9 S X B A AL R PAHs (ORISR 7 A B SE & BLE SE S
th PAHs S HA IR R MR Z TS0 & B A S h PAHs S22 (] A ELE G R0 BR i
XF PAHs 72K AR Y A R 00 OIS A Sk 42 55 7 T B pF ot e 2.

FETE SR RV P R Y G2t b R AR IR, 3R AR BR” Z 8K, AL Tt i A = e
R E TR M IE T AR S A PR A b 2 —. SZ MBI R T B RN A AR
Z 1100 ZA4N3EIH , BRIFRZ) 366km” , Hir 10km® DL _EBIFEIAA 4 A, UG T3k LARE 0/ PR T i AR Ok,
29 13, 3km® . A SCLA/IN P = b SR Y M F ST X 42, 40 M PAHs BY4L RG-S 40 AR AE B R i [ &
VIR T #f PAHs 72K A AR RGP WA BB -5 1010 SRR UMK HE.

1 BRI i

1.1 HERRE

ARHFFE LI/ EFRRE R GER G, AR T 6 A RAF A FE AR GPS i o7, 25 hF s o 5 ) BT AR IR 0 3
DLSCHR[ 28152007 4E 10 H 7 H 78 1 =5 S R4 T 5 46 (Nelumbo nucifera) (lotus ) A5 & (ALF5 faf I 5 fif
25) E 1.3 4.5 BERUREE T RE (Typha angustifolia) (cattail) B 5 (FL4EH M GHZE50R) 761 -4 SHA
KA T 126 (Phragmites australis) (reed) ¥ i (AFGZEN F52EM) w0t GEnt I A 28 oKz L
G, 25 5 2RI A B EE T K PR B SRR ASFS IO AR ) — B, TBURH [ A 0 20 28— I i, 26
TR EASPLRAT , Y RKIZ Ml 5L 86 = P AT Ab P
1.2 HRREIS S

FEAEPIRE i 22 BRUE 1 IR0, VIR Lem ZE45 B9/NERIFIR AT A Z2 DB & o THLMERR i MEn e B4
YIRS, A RURE AR 3 AFATRE R A R 2 30g (ERMRIC SR T ) i T3 3 — A, I A 60ml 2 JiF
(FRZIECKEMM)  FERYG #8 LIRY 40min KR 5 MR RGHEATHMDE (SRS 2R 4R a8 R |, 8 hom A
180ml 2% Y Na, SO, ¥ , TEHR i av L HR% 20min. ¥4k J5 0 HS W % # 21 500ml 23 s 2} o, 435 H 45ml,
23ml,23ml {1 E BV TRAE B =0, ZE BRI B 250m] A-FIRBEH , BEZE AT E 2 Tml.

K FRE AL SR AT RE gk, AR (100 —200 H) ff T Z: 450°C K5 b 4h, 130°C {iF 4k 16h DL b FEFE K
350mm , Y45 10mm 335854 14 R il — 2 IS A (050 R A0 A — G0 e TR I TR 5 TR ER 4RI 24h) SR 5 A
10g FEJE TyAZRehE , A TR 29 20mm (1) JC/K BRAREA (AR 450°C #5455 4h) . M58 58 0% B4R U Mk
FEEZ) Iml, AL 10m] 1E O Be Brffe i 7], RS 46 220 Iml, FH 2ml 7245 19 1E © 5643 PR O HL 36 7% 28 AR T
St , A 20ml 1F O BER PR FIGERE , SR JE A S0ml IR G (IEC %t - & HE,3 : 2) Welit PAHs 4143, It
BEHIAE 2ml/ min 2247, WWHE PRI, BEFE 25 R IR AR =40 1ml, iIn A INARAL A 97 (2-fluoro-1,1"-biphenyl FlI p-ter-
phenyl-d14 . J&K Chemical ,USA) FE.

1.3 PAHs JllE

BT R RE 5 SR F GC-MS( Agilent GC6890,/5973 MSD) 3+ H1 il %& PAHs 24%. GC 2k{4: HP-5MS 30m x
0.250mm BEE O, A A4l He , AR/ 0. 03 MPa, 2k )% 37em/s. #E4E TR 300°C , R4 i A
PEEER N L, WIEAFEIR 60°C , L 5°C/min 34 J& FHE 2 300°C , {5 ¥ 20min ZE #8558 20 . 345 8 i 1)
P, PRk 0 T RRUE S TN A 46 A 4. MSD 544 EL HL B8 70eV, 5 2 11 [l 45 — 600amu, {35 34 2% B R
1288V, 3 IR 230°C , 3545 38 450 ( SIM) A5,

1.4 REEH
FESR IR ET A Chem Service 23 T 427211 16 F PAHs R & #FrFE ( PAH-Mixture ,610/525/550 ) flfthr 4 th
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e CHRMEZEH 9101 ppb (10ppb ,100ppb ,1000pph ) AT 5 2K 1% 6 K4 R 3 U 0 L 5 09
FRPFIEATA 1900 45 8 /e AR L 725 1, 420 A7 R RBRRERCIE PRI 28 S 0of g — it
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1l S 5D SIS ANGFRE G o PAHS 25t SRS )7 bk FOR (6 1) 16 R EF605
A AT PRI PSRRI TS R 2 R R IR . 45/ FEAT

4 1 KR PAHS 5 7 v R ARG IR

Tab. 1 Recovery and detection limits of PAHs measurement in emergent macrophytes

bEE ) ISR (% ) ki R (ng/g) e/l [l (% ) Kot R (ng/g)
NAP 64 3.9%x1072 BaA 104 3.2x1072
ACE 78 4.3x1072 CHR 86 3.9x1072
ACY 86 3.9x1072 BbF 98 3.4x1072
FLO 93 3.6 x1072 BKF 96 3.5%x1072
ANT 89 3.7x1072 BaP 78 4.3 %1072
PHE 98 3.4x1072 TedP 107 3.1x1072
FLA 97 3.4%x1072 DahA 110 3.0x1072
PYR 94 3.5x1072 BghiP 109 3.1x1072
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Tab. 2 Contents of PAHs in emergent macrophyte tissues from Small Baiyangdian Lake
PAHP fap it faf 25 Tt i TR B IR
(n=15) (n=15) (n=12) (n=12) (n=12) (n=12) (n=12)
Nap 19.9+7.3 20.2 +17.7 30.0 £11.1 23.4 +15.5 12.9+4.0 19.3+7.1 10.0 4.3
Acy 2.9+1.9 2.8+2.6 3.0+0.6 2.7+2.4 1.0+0.6 1.8+0.8 1.2+0.2
Ace 2.8+1.8 3.7+2.5 3.7+0.2 3.6 +£2.6 1.6 £0.5 2.3+1.0 1.6 £0.3
Flo 21.7+12.2 21.7+14.8 31.2+13.1 24.8 +18.0 9.2+2.0 16.7+7.9 10.9+1.6
Phe 105.5+6.6 44.8+19.1 117.4+£57.3 67.9+45.2 34.6 +18.3 46.6 £23.7 29.8 +10.1
Ant 5.3x£2.1 3.3x1.6 9.6 7.6 7.5+5.5 2.5+0.9 3.8+2.4 2.4+0.7
Fla 138.9 £39.6 14.5+4.2 47.3+£19.2 18.6 +15.1 9.1x2.1 19.2+9.2 13.0+9.3
Pyr 77.8 £23.7 8.6+2.5 29.0+9.1 11.3+9.4 5.5+1.4 12.9 £6.5 7.4+5.0
Baa 3.8+1.4 0.6+0.3 1.5+0.4 1.0+£0.6 0.5+0.2 1.3+£0.7 0.7+0.4
Chr 48.7 £16.3 5.4+£2.6 14.4 +4.4 2.5+1.9 2.2+1.3 10.0+4.3 4.6 +3.1
Bbf 11.5 +4.9 1.9+£0.6 2.9+0.4 1.6 £0.9 1.7+1.0 3.3+£1.7 3.7+3.2
Bkf 4.4+1.7 0.8+0.2 1.0+0.2 0.6+0.3 0.6 0.2 1.2+0.7 1.5+1.3
Bap 1.7+1.5 0.2+0.1 0.3+0.2 0.4+0.3 0.1+0.1 0.4+0.4 0.4+0.4
Tedp 2.3+0.9 0.4+0.2 0.8 0.2 0.5+0.3 0.6+0.3 1.4 +£0.7 1.6 1.6
Daha 0.5+0.2 0.2+0.1 0.3 £0.01 0.3+0.2 0.1=x0.1 0.3+0.2 0.4+0.3
Bghip 1.0+0.5 0.2 +0.1 0.4+0.1 0.3+0.2 0.4+0.4 0.9+0.5 1.0+0.8
LM-PAH 207.0£28.6 111.0+58.2 242.1+82.9 148.5+97.6 70.8 +18.9 109.7 +49.7 68.8 +17.1
MM-PAH 146.2 +46.2 17.3 £5.8 48.8 £13.6 16.9 +13.5 10.5+4.0 28.8 +13.1 17.9 £12.8
HM-PAH 5.4+£2.6 0.9+0.7 1.7 0.5 1.3+1.1 1.2+0.7 2.9+1.7 3.3+3.2
PAH 4 448.6 +75.3 129.2+£59.3 292.6 £90.1 166.8 +111.4 82.5+21.5 141.5+63.7 90.0+32.5

a RAREZHTFIE G RN T E S &, IIE + b2, 000 (ng/g(dw) ) ;b 3R Nap: 28; Acy: JE M ; Ace: & ; Flo: % ; Phe:
Af 5 Ant: 80 Fla: 58 05 Pyr: 26 ; Baa: 83 (a) B0 ; Chr: Jif 5 Bbf: 2RI (b) %€ B0; Bkl I (k) 585 Bap: #53F: (a) 1 ; ledp: Hi I
(1,2,3-cd) ¥ ;Daha: — 783 (a,h) B ; Behip: K3 (ghi) 96 ; LM-PAH . {Ii ¥ APHs, 45 2 -3 ¥ PAHs ( Nap, Acy, Ace, Flo,
Phe, Ant,Fla) ;MM-PAH ;. H13f PAHs, 44§ 4 3£ PAHs ( Pyr, Baa, Chr, Bbf, Bkf) ; HM-PAH ; 75 £ PAHs, £ 4% 5 — 6 ¥/ PAHs

(Bap,Iedp,Daha, Bghip) ;PAH 4 : 24 16 Fl PAHs (1) 50,

& £ %1 & &| %
w1 5 |
o O o 0 G
8”15 b ¥ | | - |
= o o c B | - WA — il mACE
3 5?@ AQOCI g%’&&gqg ﬁgfﬁé’(g i uFLO
= 0:% i T, | R AW Bl ,phe
Z | 08 B & Y S— - OANT
= | % J@@f & les m@‘y K L /A= il iy
£ 82 o o @QO gf: q wx = oPYR
=< . e i o BaA
o )@4:59 Q&D@ g~ [ ﬁ?ﬁp iR [ TN / | ®=CHR
of| &°| & @9@"@6‘" 59959‘ = aBbF
:@] o @ RL it [T — W oBkF
i m— o : BaP
0P E{ e & . . .
i N A\ B Bl oludpP
ﬁ p S&c& 8?@ f RR : | = DahA
lg PAHs & it(ng/g(dw)) 0% 50% 100% g Bghip

2 /NN = FOK A AE AR 4L PAHS
P R (LL A, LS ff 2%,
CL:3li, CS: 325, CR .3 AR, RL: 250 RR 354
Fig. 2 Matrix diagram for the relationship among
PAHs contents in the different tissues of three species
emergent macrophytes from Small Baiyangdian Lake

B 3 /N TETESE KA PAHSs BO-F- 2 7 232
Fig.3 The average percentage of PAHs contents in

emergent macrophytes from Small Baiyangdian Lake
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FHEH(3.7% ). Fit ik P S ER PAHS (9 H 43 SRR S 66.2% (32, 6% 5 1. 2% IR T 25 IR ER PAHS
B E 503 (85.9% ) , i TAr 25 sh e & 36 PAHs A 20 & i (13.4% 5 0.7% ). il it iP{IR3F PAHs F 43
i 82.7% LT AR 85. 8% FITH 2519 89. 1% ; il - A 31 PAHs H 43 & /&R 16.7% , = T iR 1)
12.7% Fiii 2509 10. 2% ; il S 28 PAHs B 203 E2H 0. 6% AR TR 1. 4% R 2£09 0. 8% . R [FlH#EK
T AH R H LU P IRER PAHSs T3 70 3 iR IN i i (82.7% ), M IR Z (77. 6% ) , i eIk (66. 2% )
R (85.8% ) i TEME(76.5% ), 25 (89. 1% ) W& & T-1ar25(85.9% ). £ 16 {45 PAHs 1, {43 & & 4%
B FE (Phe) (23.5% —41.9% ) 32 E(Fla) (11.1% —31.0% ) .2&(Nap) (4.4% —15.7% ) . % (Flo)
(4.8% —16.8% ) \FE(Pyr) (6.6% —17.3% ) FlJgi (Chr) (1.5% —10.9% ) ; 6 DB %5 25 EE AU 12 L Fh iE
KA D R B 3k 35.3% (15.5% 12.1% (11.7% .9.2% H15.2% ,3X 6 F PAHs K4
ST 4y f et PAH, Y 89% , 1 Hi Ay 10 Rl 5 PAHs 4120 (5 11% . BRia - 9¢ B (Fla) B9 @ 4> &
(31.0% ) #BiTHE(Phe) (23.5% ) #F, HAbIE KA Y L LU B LASE (Phe ) B H 20 & i fe -

2.3 #EkiEYh PAHs EE 54 HHMMER

2.3.1 &R 5 4KFENEE  REIEKEY MY AL 16 F1 PAHs S5 8 (PAH,) 5& TR A& K E
Z R H e S B K N3 3 R, R R i 2 21 b R sl AR 2L P 2 2 s, G far i (4. 2% )
SHZE(1.8% ) EM (2. 1% ) 5HEMR(1.2% ) il (3.7% ) 525 (2. 1% ) ANHAR (1. 8% ) 5 ARl AHH) i 7]
KL N B i OB, it > Sl > S50 25 > far 25, AR > AR (181 4) . % gk 2 7T DU, BRIEAR
PAH, -3 7 2 (82. Sng/g) AR T E A (90. Ong/ g) &b, AN [RIAF P ) LAt AH [F] 2L UAH L , 5 M 238 e 9 A 4 21 21
o PAH i, AN AE ¥ i 25 b PAH, SF 35 & B LR, faf B (448, 6ng/g) > il I (292.6ng/g) > FEAE
(141.5ng/g) , 25 (166. 8ng/g) > fuij2£(129.2ng/g) .

3 NATFREAFHEAAE Y A ZH b PAH, ¢ 5 35 GRS 7R Z R AR S 5 A 35 Pk
Tab. 3 Relationship and significant levels between average PAH,, contents and the average percentages of lipid

and hydrous in different emergent macrophyte species and tissues from Small Baiyangdian Lake

Y5 T He# Y PAH & & KR E PAH (& &

YL , P N . p N
yivia 0.920 <0.001 10 -0.881 0.001 10
A 0.501 0.097 12 -0.217 0.499 12
= -0.092 0. 828 8 0.096 0.856 6
H 0.678 0.011 13 0.711 0.006 13

2% 0.770 0.015 9 0.418 0.263 9

R -0.002 0.996 8 0.382 0.455 6

# r; Pearson AH5E RREU, P2 KT N AEAK PAH o o 16 FMEIE 23551800 B & .

/NETFETEAR R E AR R MR L ZUh PAH 5 &
AR K R Z AR OG5 I 35 VA A 7E W) 2
S (£ 3) , fiEh PAH 5 & R4 AT 35 A9 IE AR EOC
£(r=0.920,P =0.000) , 5% /K HA 3 1 UAH G
FKF(r=-0.881,P=0.001); ¥ rh PAH,, 5 & IR
HAEMEKKER (r=0.59) , HBEMKFRE (P =
0.097) , M5 & /K HEBA BEMFKCFR (P =0.499) ;
P PAH, 5 5 IR R K R BT I AR OG5
Z (P =0.828 F110.856). fHEKAEY M F-4HLUH PAH & wi W EM R WM W R
G E IR E KR BA RFENIEMCOCR MK @4 N e K 4140 T3 4 g 2%
B 0. 678 F10. 711, g F kK535 0. 011 Fig. 4 The average lipid percentage in emergent
F10.006; HEKM Y 2L 40 PAH, & 5 H e R G macrophyte tissues from Small Baiyangdian Lake
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W I IEARSCR R AR RECH 0.770(P =0.015) , 555 /K S0 AH W WL I AR SEE R (P =0. 263 ) 5 #EK A1)
AL T PAH, 55 Bg 22 05 K 3 0CA W W A DG C R (P =0.996 F10.455).

i T AN K A 1A P PR R EE B R, T ARG D 5 A % PAHSs FR9 52 M 2 40 M §5 Y My 1 R A P9 23 A 45 3T
R TR AR LR KA P PAH 5 & IR RS KRG FISE S R D, Ji 10l & 44 PAHs S48
KT, 1 7K X HLFE Wi R W 4, 5 ST far A6 A U, SR e S IR T Y. SR K AL A - i AN L B
RSN, th T HA KRR E 8, HEK A Y A K KRB o 5 2020 PAH  t BAT — 38 19 52
Wiy i F 7K AEHEZK A ) PAHS (19534 51 50 b i/ ot 75 2 — 2B A 5.
2.3.21gK,, 5 1gK, % AT T PAHs U450 HISE K IR EL(K,,) IR S AR S(K,) 5
AR AE A5 L 80T A B A G 6 R B 3 MK, HL4 R B T3 451K, S HE KA AR L 2541 40
PAHs &Ll ) 1K, 5K YT 2141 PAHs & B2 R B BLG K R WE 5a.5b iR,

Fiar -4k, PAHs 21 53 76 HEK AT 25 AL 40h i (P8 5 PAH A3 1Y 1gK,, 5 1gK,, B FUAHIG K &R
(F£4). XFEWEEBN K, 5 1gK, 5T & PAHs 24150 7EHL Y 5 5% (7K 525 SRR T P 1 o i
150, DA 2 J3 2 PAHs 20 73 FEHE/K A Y A 20 rp & i B 1 5 T AT B K 1gK, 5 1gK, 115 26 PAHSs 2043 5
AR FESE KM S i S R (R 2, )81 3).

K4 PEFEESE KA AL PAHs & 5 AV 2 ARG E 5 5 K -F
Tab. 4 Relationship and significant levels between PAHs contents and their physical-chemical

properties in different emergent macrophyte tissues in Small Baiyangdian Lake

PAHs ikt i lgPAHs it 1gPAHs it 1gPAHs F50f  1gPAHs faf25  1gPAHs 25 1gPAHs Ji#R  1gPAHs FEH

1K, r -0.710 -0.766 -0.772 -0.534
P 0.004 0.001 0.001 0.033
1eK,, r o -0.376 -0.682 -0.639
P 0.151 0.004 0.008

# r: Pearson FHCREL, P: W EH KT K, :25CEBEIK B REL K, : 25CHBE-S G AEGK, =K, /K, . K, =
Ky/ (RT) 50 K, g% /KM E R WU HH0(8. 31 (Pa - m*) /(K = mol) ), K, 2y 25°C 5 FIH$L((Pa - m®)/
mol) , 7y 25°C 4 il ) (298. 15K) .

25 2R SR T PAHs 4150 & BE S 1K, O ILA BLR LA AT, HonT P R B0 (7 =0.50.,0. 69,
0.60) (1 5a) , KM K, Xl 28 EZX 50 PAHs & @ BN ; B AR o PAHs 45052 5 16K, 11
BHELENHRE( =0.29) FEERBEUIN, R ER T PAHs 41505 15 1gK,, FLL K R AILA BERAR , JF
H K, 3R T PAHs &5 05 5/, 5350 g PAHs 4405 85 1K, 3006 B 4R ] sk 2 50M i
(r* =0.47.0.41) , LW K S 53501 PAHs & 5 HAT U0 i f7 1rh PAHs 4150 & B 5 1K, i
AHLRTTIRZEL (P =0.14) FIRRE BN, LA PAHs 4150 & 85 1K, BZ R LA FEHAL, IF
B K, Xfaritr PAHs & 552 I8/ (8 5b) .

3 &t

(1) 16 L2 3695 ke B & (PAH ) 78 = Ff SEK ALY b B9 F- 2 1 82 & B JE O 82,5 — 448, 6ng/g
(dw) , [FIFAE B PAHSs &R i 2RI AR PAHS 4100 fE-E R E R A P i & i HAT
FIIEMRIE AR, H W] PAHs fEAHY) A EU 1) 73 A B S AR D).

(2) 7 FE KA AL, LUK ER PAHs S 3, th3R PAHs K, w35 PAHs AR, HOA 23 FEAE 3 500 A
66.2% (fafit)—89% (3=5) 10.2% (=5)—32.6% (fafi) LK 0.6% (Giit) —3.7% (FEAR) s Ko HE 2
25 2 AR 6 LM TESE AR AL S P -2 A 20 S R, 290 PAH, 1 89% .

(3) PAHs {ESEKAY) B B S ALY & IR R HA B35 R IEASCC R, 5 PAHs 4170 197 B /K 70 L 5
(K, ) LABAERE- R R R(K,) BA BRI LR,
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Fig. 5 Relationship between total lipid-normalized PAHs contents (PAH,,) and
K, , K, in emergent macrophytes from Small Baiyangdian Lake
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