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BE RE 3 ENFREE, RASHAEESERNEE SR KGEIE S PAHs BV ERT THR, ERRA KK
ek R PAHs A 10 B, B F 80 288.662p L' ;AR FE /K PAHs B 6 7, R & B 101.901pg L ;W T XK AKFH S
OB SEN .09 L EARHNEXRFEKTRIA 4R, BERIHIN 49.049pg L' 1 74.938ug' L' KKBEKFH
PAHs 2 WE W T EAMERZHRE HBEMMREEAE, AHMERIDT LB RBT N K, H R AW BE K IEER
&, TAMRLNEEH K, EHRBRIB KT PAHs & 5 7, LS B W 36.866pg- L', 5 K BEKAH L, PAHs Fp 3538 />
50% VR EPEMR 87% , WIBTERT AKX ¥R PAHs TB ¥V BMENAREREHRABEE. ZTHR R THRAH
PR R T BB KE,
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Transfer and transformation of PAHs in the hydrological process of camphor forest

ecosystem

YAN Wen-De, TIAN Da-Lun”" , KANG Wen-Xing, XIANG Wen-Hua, PAN Yong-Jun ( Research Section of Ecology, Central-
south Forestry University . Changsha 410004, China) . Acta Ecologica Sinica ,2006,26(6) :1882 ~ 1888.

Abstract: The characterizations of polycyclic aromatic hydrocarbons ( PAHs) compositions in the hydrological processes were
examined in Camphor forest ecosystems, Zhuzhou, China. The concentrations of PAHs in rainfall above forest canopy,
throughfall, stemflow, and surface runoff components were measured by gas chromatography (GC-HP6890) . A total of 10 PAHs
were detected in rainfall above canopy, and the number of the detected PAHs was 6 and 5 in throughfall and stemflow,
respectively. The concentrations of total PAHs in rainfall above canopy was 288.662pg*L™', which was approximately 2.8 and
3.5 times as high as that in throughfall (101.901pg-L™"') and stemflow (82.069ug+L™"'), respectively. The amount and
concentration of total PAHs were further decreased in water samples taken beneath the shrub and herb stratums. Compared to the
rainfall, PAHs in runoff were lost 87% in composition and 50% in concentration, respectively. Our results demonstrate that the
Camphor forest ecosystems have a strong ability for purifying PAHs that are known to be hazardous substances in the environment.
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BA M R EA ARG R REEE RS BENATY .. FEE T SRRk, 25 g £
BU IR ERAZORERM, B TR EFIRERSHB” £8 PAHs, AMUSH T 3188, W B X A9k,
HEAE HRTAZRLWER,JIEHARSEFRERNETEZNRBUFME RTINS EEL.

BHHEEAEL  ARART X, FETHEZAM. EER BHERPMNET —-RBEGZE, [HH
BRAKRE, LHEMBNRZETELEHRAR, BRI AT, EHRTRRENBRITAESHRERRINES
HRES , BT HEAARES ERR, FRAIRBTHEZEGREZ . SUETLEBENLREG
Ho HK, FREBTHRAKN BRINERRE  BRE+SEENE L

AR PAHs EXS B RAMN S AT IR E, EENIEHIFLRF? "', {3 PAHs 2
MK CEDIBRPRIT AR MBEZ H. M 2003 F£IF 80, 78 F ARk BH 5 K28 A X AE o 5 05 S 7 B AR AR
% BB ( Cinnamomum camphor ) WK A, R E RIS AT T KB M/KAE , X PAHs AR AT RE KX EIBRFH
W AEAHEAT T WU E , I BI6F XA AOK SCE S B PAHs WEBHAIT HHET T AY 3a WEABIR, 7 H
BT AR A B SR LTS R Y R S R IR R AR .
1 XBEHR

B X B TE P R AL BB R R A X B RO AR AR, S 3o B 05 112°54'E, 27°50'N, % 3K 50
~200m, HA % & E 100m, B LB KX . KRG AT RFRE SRR, FF YRR 1430 8mm, EFF 4 ~
7 A6 EFHEMNEE 80% , F PSR 17.4C, BEUBHRRITERIE, RALBEERE, T B IHERIE,
MM, HAFHEEB IESEM K, KBRS 1983 FEE MR, mRE b’ , LS HBHE 0.7
~0.8, EMRIHT T FHEW, EXERETHEML TEABARS, K2 FHHE 14.5em, FEIRE N
8.5m, MM T HE B FEH & 11 (Ligustrum lucidum ) . /¥t 2 5T ( Ligustrum quihoui ) . 3 3 ( Smilax china ) . L1 &5 #
(Lindera glauca ) . K B ( Rubus swinhoei ) . 2% ( Camellia oleifera ) . K B 4% ( Buxus megistophylla ) . 7% % B ( Hex
acueolata ) B8 BEBE ( Celastrus orbiculatus ) %15 H ( Dicranopteris dichotoma )% .
2 WRAE
2.1 KERE

AW RKESRBRBX N, P RRBEKKE, R FERBAL 200m &5y W EE A KRN
FEKEAESTRE EAFEKEREATHHEEAARE  B/IMEANELAEY B L HIFEKERLT
THAOBRENOMN)ARE R TERKEREEEN TREERERRSPRE  BRBFKE 5mx 20m #
WERZRZHOMBEPRE, FRAERERN 2L UETEIRERNISSEBEA, ERERE RN
S,
2.2 oWk

Xt 7K B SR GDX-102(40 ~ 60 H ) B, ZR B KM, K-D R4 3w 481 , S 4835 {3 HP-6890 . FID & K
Sk W 2% 404, 7E 43 AT, UL EPA610 Polynuclear Aromatic Hydrocarbons Mix . supeleo, USA 4 7= i) 16 f#* PAHs IR &
PrRUEMR R SR, 16 FF PAHs J9:2 S 25 (Nap) .3 A JE 46 (Any) JE (Ane) %) (Fle) . JE(Phe) . B (Ant) 4 SR %
B (Fla) B (Pyr) B3 (a) B (BaA) J& (Chr) .5 B2 (b) 5 B (BbF) 3 (k) ¢ B (BKF) (% H (a) B (BaP) |
Z# I (ah) B (DaA) 6 FFHIBIH (1,2,3-cd) BE(LP) I (g, h,i) TE(BgP) o AR B8 B JA] B 1 % BB B AT HE Y
MARKEEIT. RIMREERBNE,

HT A BB HP-S BEAE A% (30mx 0.25mm) . A4 FEEE, K U 2518 B 300°C, B S h 4
N2, S B e SR T S IR B BE g

60°C—>"""""—>100C (Smin) —>**'""->250 C (5min)—""*"""—>290 °C ( 10min )

HEREE g 20
2.3 AT EUEE MR TR 4R

HBARKXFIRRE-FAERRENAR, ERER ORI MAREN, ERXBKEFENELEYN
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BREE, —FERBERSRE BEANERERUAR AREZGESEERTERILERESHIWE", &
R E LG 3a, BEREKEE 10~ 2K, MBRAMERFATLER, B, RAMSCEHETHESE
Pk 24K PAHs B,

EAWIER, SRR BHTTARE, W —EF R ERBEREERLEIE, X GDX #H4TE ML IR, ¥k
S GDX-102 BB R E & MkeE, B 60ml & B 54 S Wkee, WERB W, 2 T KRB T8,
PR K-D RGBS 1ml, R 1] ZESHAEIEPHIT 0T, 8 R REW E PAHs A4,

T EWRE KR, AT BABRIRE, MERE— KR 3 NS, B #HT0E, KL EEIWE
R, kRS A 16 # PAHs B E R ZE 75.2% ~ 105.3% Z[H .

3 &R58W
3.1 REBAKPEARFTRMETE:

KEBEKPERERMESE N 288.662ug L', XM E RN EBHFR 10 AN, SHEREH.JEZ.
B FE (DB FH (. ZFH(a, ) B EH(1,2,3-cd) . HPEEERWEEMNEH (),
2 210.05pg° L' \52.296pg L' , &3 (a) EEHE B RIEN 0.336pg L' (RFE 1),

21 KSMAT PAHs

Table 1 Content of PAHs in incident precipitation
HIFFHRH S Concentration of individual PAHs (pg-L™")

T H Items

Any Ane Fle Phe Ant Fla BaA BaP IiP DaA 2 PAHs
KKK
Incident 5.495 6.930 1.663 1.339 210.05 3.223 52.296 0.336 2.319 4.951 288.662
precipitation

MEITUBH, KSAEFHERFREIZEFEI-AFNBSTFTENHS B 72.8% FH ()
i 18.1% B3 (1,2,3) B 1.7%, RPZMEXWEBRFRIERBTTURBHORER T ESHNEL
U N
3.2 FEKAKTERKPERLERMEE

ME2AUBH , KAFBEKFEHRSRHEEN101.901pg- L' BN SERFEN 59.928ug- L' EH
BEAKN0.541pg L7 M 6 FAS, BAFRETEBAKBKEHER L, BHERFREHAIN
EETUAR— F BNEHFQESERBLD,EH QB . ZFHF(a, DB BH,2,3)ENSERM, EH.
BB KRBT R,

WTERPERFEREIUE 5 f, S S EN82.069ug L' , K H (o) BB N 41.226pg L' , K (a) A
BHRS5.127ug L7, EiH(1,2,3) E S BRIEN 2.402ug L', X TFREMEK,BE.ZEH (o, ENSER
K, & () B FH () ER TR,

%2 HAFEAMBEFERDN PAHs S
Table 2 Content of PAHs in throughfall and stemflow

HH It %3835 42 4 5 Concentration of individual PAHs (pg-L~')
€ms
Any Ane Fle Phe Ant Fla BaA BaP LliP DaA Y. PAHs
HAFE
Thmﬁ x g Kk K& 0.541 59.928 F Kt 6.722 4.591 9.829 20.29  101.901
roughfall
W 283K

S P34 F Kt KK Eig ] 29.068 F R 41.226 5.127 2.402 4.246  82.069
temflow

* No detected, T [A] the same below

2.3 EANEXZBRFEKFPEHRTREE
BEANELRRFEKFERTRHZTEEANR 3 BAFEKPERFTRHEEN 49.049g L', ¥

FFREKPERFTREEEN 74.938ug L7, HRWE 4 7, EAFBEKFEAFRATEREAINSE
HRTHEAFEK.
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#£3 BEAFEANEFFEARPH PAHs &R
Table 3 Content of PAHs in throughfall and stemflow

£ F U 5T Concentration of individual PAHs (pg-L™")
B Items :
Any Ane Fle Phe Ant Fla BaA BaP IiP DaA S PAHs
BAFEK -
Throughfall of KA,  KKE  KEHE Kb 44.159 REH  RKH 0.276 1.585 3.029 49.049
shrubs
HEFEK

Throughfall of KK H E 2 KK KB 42.836 P o] A 7.283 8.307 16.512 74.938
herbs

3. ZRFREKXFEIRPHIBEILNE

3.4.1 HEMMFRMBEER FAKESHERRTE, BN EREOEIY RHETHRE, FKFE
REREREETH, FETHRBENN THSEKE. NEX4RTUBHE KAFBEKP IHRBER E .4
RHOKEHR KA SEHRERYGIE BHEH Q) BEANAMRE, ZAFEKFEIRETREEK, K2
BRI ()8 BT (L,2,3) AN R, DN BRI EBE N, RUKKB KPR ECEH
BILASR , & ARSI BE 1 R . AR IEWKIE R EUCK/DHEF A BaP > IiP > DaA > AnT > Phe > BaA,

BT ERAKFH PAHs B 5 MADMER,E . %K (a,h) B BH (1,2, ENSEBR, XU LR KT
BT IR R R (a) BRI () R & B3 A0, R LE A 40 W T stk WTFXERPHE .8
H(1,2,3) 8 ZEH (a, hBEHRMEABKTEEK, M EH (DB FHFQENBRBERAXBETFFEK,
£ H 4K FH] N BaP > IiP > DaA > BaA > Ant,

R4 HAFEANMBTERSHSRISHERE
Table 4 Net leaching amount and coefficient of throughfall and stemflow

HH I ZWFH 124 5 Concentration of individual PAHs (pg-1™")
eme Any Ane Fle Phe Ant Fla BaA BaP IiP DaA
f

FEKIBHA R Net leach 0 — — — ~0.858 -150.122 —  -45.574 4.255  7.510  15.339
throughfall

Net leach of
BT 20 R Net leach o — — — —  -180.982 —  -11.07 4.791  0.083 —-0.705
stemflow
FRKMBRU Loach coofficient of — — 0.387 2.847 — 0.120 13.664  4.238  4.098
throughfall

3 fici

WTERBBRN Loach coolficient — — — 0.138 — 0.788 15259  1.036  0.857
of stemflow

*BUBE-FEXIAWTERSR - RAFKZBR.WNB RV =FEKIBWTERTE/RSBEKEER  Net leaching amount = amount of

throughfall or stemflow-amount of incident precipitation; Leaching coefficient = amount of throughfall or stemflow/amount of incident precipitation

342 BAMEARHMWBER BHRAFEKBOERERRERARHTHRBERMKE, FEERAZMEL
BHEHEKTPERFRASHEREBELST ,NE T, LAKAFTEKPHEB L 33%, L KSFEK TR
KB 60%. HBREH ) EHEELBRMKEBREE M, HAASERBAMKE, TH AR I EE AR ML
EEBRE(RES).

MNERAMEBSETUFL , MBERE VU LN, FEKPEE EHF (a) .6 FWEH I (1,2,3-cd)iE. =
EH (a, BRI T EFBKFNERI (DB 6 RMETH (1,2,3-cd)E; BEABKFRAEFEH (a)tE, THE
WALHOKXELE S B EMRLEI (a) 86 BT (1,2,3-c) ERME N T, HEEENE, FEKH
WTERKPEHQEMKBREE 0L XAESEREMH R TERAMETREYRTHA S YR
HEggx"™,

3.3 WMRERKFEZHRFREHIE BEARKXEIRTPHERFEEZRFEHE RN 36.866pg L', K
ML 5 REFRPENTEBEREN 27.23%g L, EH () EMNSERMEN 1.14pg- L™ ", HFIFF N Ant
> BaA > DaA > IiP > BaP, HX F R FEK HMAFEK, EXRFRUSEEEFRAEHEK(LE6),
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Table 5 Net leaching amount and coefficient of shrubs and herbs
LW F 24 5 Concentration of individual PAHs (pg<L™")

M H Items

Any Ane Fle Phe Ant Fla BaA BaP IiP DaA
HAZ S B R Net leach of shrubs — — — — -15.769 — — -4.315 -8.244 -17.261
BXEHWE R Net leach of herbs — — — — -17.092 — — 2.692 -1.522 -3.7718
AR RH Leach cocflcient of — - - 0737 — - 0.060  0.161  0.149
shrubs
BARMERK Loach coefficient of - _ - - - 0715 — - 1.58  0.845  0.814

herbs

*SHBE - EARBARFEKSE -FEKSE HBFERH - BAREELABRFEKSTR/FEKESRE Net leaching amount = amount of
throughfall of shrubs or herbs-amount of throughfall; Leaching coefficient = amount of throughfall for shrubs or herbs /amount of incident precipitation

£o WREZANIBANIBRY
Table 6 Leach amount and coefficient of surface runoff
LW FE 1245 Concentration of individual PAHs (pg-L™")

M E Items

Any Ane Fle Phe Ant Fla BaA BaP lip DaA
K S &K Z & Incident precipitation  5.495 6.930 1.663 1.399 210.05  3.223 52.296  0.336 2.319 4.951
R Z WS B’ Surface runoff Kl FEH  REH  KRKEH 27.239 KK 3.337 1.141 2.480 2.669
WERERTIHE
— — — — -182.811 — -48.95 0.8 161 -2.282
Leach of surface runoff 959 05 0 2.28
WEEMIH KM Leaching — — — — 0.130 — 0.064 3.396 1.070  0.539

coefficient of surface runoff

+ IR -HEBCHSE - KERKSR EBER-BH IR A FH  Leach amount = amount of surface runoff-amount of incident
precipitation, leach coefficient = amount of output /amount of input

MR6ETUBL REBRIBEPEI (a)E .6 AWEIH(1,2,3-cd)ENEE EEBERKE 1 U
ELOAMEAEBR A EH (DB - EH G DENEIBEIAE, IBRBE 1 UT, MARASERX
HRFEERAESRENRBEFHARR,
3.4.4 ZHFERHEMAKCEIBROEL BKEIAE RHTRT.ReaBREL, FUIETHT
e 7K A I B 2% 3 T 2 3R 25 00 R A IR O 5 RBR K 3o A ot o 40 RO TR 5 R e S IR K e A BB TR R Y, A R AR
FEROME KBSTH.CHERKPIIYRERETRMEN R, HFHEKEANME, GETEAK
B HEAR AEYEANRLIENERRE BW 23R ENA¥XANER, BRAKEH TAHL, XETRRAK
Lo

EHEREOE : AHRHEE T LUEARSSS RN ERE, FHEMARAEIIT TR ERENE
B1o SRGERMBELT BMIREHFAMNENE S AKRLEBIEY, —BS5EYEME, SEERR
HARFEBTHYNIRE, ES AL EHEY R, WREAYREEEEN, It BEERKEEIE, W —
MEBRIEN., YHEYWETRN, RSB AKTFHERERE WE-—MHNEEREEN", MAHRKK
FRBRFKERE, A HHRAEL K SIERRMS T B NEMB RN

MERTHRATUESE MKKEKPFABRRESREKCE BT PAHs MW E, W KEK . FE
K BFERK ERBFEKRBRBRAKIFFER, A KSBEKEMERT K PAHs B EE L BEMK
87% , EAFRMAEIRH 0B L ES#H WL 50%. NAEAFEKNEEOII, BREAF LML 6
MAEARESRHUEARZ XFERATERGEANEEYE EXBLTRMEUE,.Z5 SR OHRML

FS,BE5KSBEKFHE R B, MPBREK 74% , NIRRT HERKE R RSB K D PAHs(FPE R
SH)SEE N 36.866ug L' , AR L, ERAESEEESBS N HILREE,
4 Zi5Hitit

(DKSEKEBBHRESREKXESIBTFSELBMASHYEANETERREZ —, AASHEE SRR
B RSFEKSH 10 7 PAHs, B & B 4 288.662pg L' KPP BN EERT, X 210.05ug L' , HEKIEH(DE
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52.29pug L', T LK (a) EEBLAK, K 0.336pg- L' . RHEFHE, WM RE T W, M2 BEX KX 500m &t

A —RERAEN 4km bF L), Witk PAHs FERRERSHBA T WRE £, EASHRERT XA
SRS HAIESRE,

27 ANETBRFSHARNOEL
Table 7 Transformation of PAHs in hydrological process

W H Items FIF 144 Concentration of individual PAHs (ug-L™')
Any Ane Fle Phe Ant Fla BaA BaP LiP DaA 2. PAHs
KWK
E‘:ﬁ E . 5.495 6.930 1.663 1.399 210.05 3.223 52.296 0.336 2.319 4.951 288.662
Incident precipitation
HAZEXER
Throughfall @l RERE  RKEH 0.54 59.928 k#6722 4.591  9.829  20.29  101.901

WTFERKITRE Stemflow KB E  KBH  FBEE KA 20.068 KK 41.226  5.127 2.402 4.246 82.069
EAFHEKER

Throughfall of shrubs xBE EKBEHE KRE KBS 44.159 ki FKEE  0.276 1.585 3.029 49.049
EAFHRKETR

Throughfall of herbs xEE  EKBEd Kl REd 42.836 kB KB 7.283 8.307  16.512 74.938
HREHAE R kRl kid  KEHE KRN 27.239 kK 3.337 1.141 2.480 2.669 36.866
Surface runoff

(2) RSREK 1 PAHs, 53 AR R T T 1 8% B ARl WA O bk, KN ZF B K P PAHs & &
MK E 101.901pg L', M AR 2H 10 B Z 6 M W TR K S BFMKE 82.069ug L', F WA Z 5 Fh,

HEFEHEKT PAHs A UBHK S BER, N 59.928ug L', 5 HEMK 9% ; FESEEM,NE0.5%, WT
ERKFHRENF ()EER, N 41.226pg- L7, EEBK S0%: 83 (1,2,3) ETBBIEN 2.402ug- L7, 5
3%,

G)ZFFRKRARARER, NE IR ARBMERZ MR KB FKYE, E#ARMEREZFEKS PAHs 7
KBLOEAT, EABREFHEKPAHs S BN 49.049ug- L', EREFE/K PAHs S BB L KKK . FHE KM
BT ERKK,BEHNLULEAEFEKERE 25.80ug L7  XIERERNHRESRENEAYGES EXRE
M FEBARNIE, — F AN FEE KN TERKYTUEESERBEMWYE, 55— 8K KE T LUE o wE
ZRALIKREEENZERN MERBIXEELENEK

()RS RGKCFTE PAHs M BFEACHE B, MOE W T EARME AR Z & MK sEER
B, B0 PAHs W L/EL T EE TR, 23 MBHUEIER)S , PAHs WA X BRI A E T R YHE %K,
FHWERBEREK, ARORERTME A, TEHROFEF 3FNER JE .5 FEM 4 FHRE; KF2 8
WA B MR NE R ()., HAERERKEK=ETEMAMEL,

HRBREKXF TR PAHs EBH T, i RBRMEBKKPRES#, R 8B4 36.866pgL7's 5
KR FEKAE, PAHs # 2K B> 50% WREREMK 87%, RMEEMARAESREEFARENSLREE, X
BWAKPEBHEHF ()EM 6 FHEH(1,2,3-c ) ET RS AMETBR B EH () BER _EH(a,hHE
MAMATEREARMPIERGEARKEFR AR,

G)BMKXETBEBARARENAR EXMTIBFHNEYRASMAESN . B EYS S5 BHRHE
— M ERERNIR, ZOEEBIERARESE, EZAREKN XEAL BT MR HUERET
REZHW T, BTEERREKFENREBIES, T PAHs R MK XESBPEBELHFRET A
B2 URSHYAESEIGRBRFRZYXERS, SRFE—-SHR,
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