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Impact of Urbanization on the Sources of Dissolved n-alkane in Underground

River
LIAO Yu', SUN Yu-chuan" ", SHEN Li-cheng', LIANG Zuo-bing', WANG Zun-bo'

(1. Key Laboratory of Eco-environments in Three Gorges Reservoir Region, Ministry of Education, School of Geographical Sciences,
Southwest University, Chongqing 400715, China; 2. Key Laboratory of Karst Dynamics, Ministry of Land and Resources & Guangxi,
Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin 541004, China)

Abstract; To investigate the influence of urbanization on the component features of dissolved n-alkanes (D-ALK) in the underground
river in the dry season, water samples were collected respectively at the outlet of the two underground rivers. Components of D-ALK in
these samples were quantitatively analyzed by gas chromatography-mass spectrometry ( GC-MS). The results showed that the
distribution of D-ALK carbon number at the two sites ranged from nC,, to nC,; in dry season. The total concentration of D-ALK ( DT-
ALK) in Jiangjia spring ranged from 102 to 356 ng-L. ™', with an average of 230 ng:L~". The low-number carbons were predominant
in December 2014, January and April 2015. The ratios of LMH/HMH (nC,,/nC,,) ranged from 2.0 to 10. The carbon preference
index (CPI) between nC,, and nC,; ranged from 0. 19 to 0.57, with a maximum of C,, (C,, 16). However, in November 2014,
February and March 2015, these samples had a bimodal distribution in n-alkane. All of the CPI,, ,; and the ratios of LMH/HMH were
less than 1. The CPL,, ;5 ranged from 1. 2 to 23 with the C 31 or C  33. During the three months, the values of Paq were 0.2, 0.7
and 0. 1, respectively. The alkane indexes ( AI) in November 2014 and March 2015 were 0. 95 and 0. 98, respectively. The values of
DT-ALK in Laolongdong ranged from 110 to 697 ng-L ™" with an average of 310 ng+L~". The carbon number distribution of each month
had a low predominance, and the CPI,, ,; was less than 1. In the dry season, under the influence of different human activities, the
content and component of D-AKL in Laolongdong which originated mainly from microorganisms was more stable than that in Jiangjia
spring, which was mainly derived from microorganisms and a mixture of microorganisms and plants.

Key words: karst underground river; biomarkers; n-alkane; dissolved; urbanization

TEKA KB ARG b W e A LR RKEY . AR SIS YT S X DOM Sk
(dissolved organic matter, DOM ) 1 8 2 1Y 52 b F oxa HEE e
T B AR TE R BRI | AR RGE TR T4 gzﬁﬁﬁﬁq %4('31;% (I)j g 12-[*%%% Jiog %51295 ( XDJK2013B021 ,

XDIKS015D003 ) 5 Ji 4Bk 1575 fb Hi IR i 45 25 25 BT 5%
VI SAENG s rh # 45 T E2AEH, ik 5 H ( 121201%3006700) fﬁ? i ﬂA;E b &t i
ME R ARG YR S DOM 16 (estc2013jeyjys20001 ) ; T IL S Y Si07 e

T H (KDI2011-04 , kd1201303)

KRB RIE ) 1 . ﬁﬁ:}’ﬁz’_\- B R EE YEE R BIEL(1989 ~ ), & M- W5 A, 32 BE0F 55 J7 1) R 7a ML
BRI | K SCHLBT 4, E-mail ; liao_yu_999@ 163. com

WIEmK G, AT, KIEY ., ZHMR . KR # JEINIK AR A, E-mail ; sunyc@ swu. edu. cn



3782 2N 5%

B % 37 &

VR IR NG B oS R AN IRD . IE M RE R (n-
alkanes) J& — 2% B 8% (9 10 F1 k2 (L 45 44 38 =X
C,H,,,,) , ROLBRE i o L HAT A SR 2k, 25
MR B | 34T )iz B 5 B Al AR v Ok el
ARl — 0

S LR K YR K2 069. 6742 m’ -a ™!, 2
o4 M T K R R G 174 T 3R Y R A A L X
EENKRRAEFTRMX Z — Hi F/AKERE
H g Y 7k i R BRI Y A X R K
TR BRI, HVE G NN G BT & A
M3 TS G i JRy . JE R T A M B A X, Hh
JTNZ  UHIETE 1997 4R EHEEZ 5, T FUAE L
R, NP Al 2 2R . R R A e A
1555 = A 9 52 2 Ak I8 5 b el AR 25 A I i A
SEIREE. N IR e i v Hh XOph Ry Y — e 2
YK L kL R SRR B R E S
RHPOARELE | BB PR LA M T R A 0 2
PRt (A5 05 Y W i ) i ik v K 45 B E A B
ARZ B, S B TR A T 4 RS
KN R B A B RN A T A
N IEFREIE A oE B AR vh B W | RS
IS5 A HILITE R R 17T G T 3R T Ak 2R R X I
R IE R B A RIS AR R A T R R A
BB Z | DOM KIFEE L, 2768 HITHZHL X AN ]
FEEE T EFE R I A RGBT E R K R G
DOM 21 i 55 SR UEAFAE , LAY by 25 5 DX Hh T ) 7K 9% U
(A ERS A4 | K 302 10 15 B 5 0 B AR A 4 A
S | TGS FH IX b R A8 SE A S R G
R AR,

1 RS

1.1 5 IR

T HCEE PR T T AR S T 2 R R ] R fF
FERL. XA ST 5 3 8 T B YR 1 2R KR
B AR 18.7°C AR Y B Wi i1 125. 3 mm H 4E
TR 4 ~9 J 8], AR LI Hs 8 S e it by
FLEAE10 H ~RAE3 ANRZEN . KN R
r, mEbA, B —1l, Zd | — i gt
RIS SO, FARAL THEKTICR X | 1D
WX 5B X A8 FEAL , J& TN RS A AE %1
AR, Ex il X, A 17 km®, MR 2K 4
8 km, X3k P A= b A FH 2 A 3= 5 B W R AR L, A
JEE B EF A A 7= FLAR i 1 B 24 o ek v AR A
30% , T AR BEARXTALAR. LU & e b T ] {7

T3 T AR AR ) ¢ v 1 B D T A X A
KA SN, T R LR R R T AR, T AR Y 12,6
km? M R[4 K26 km, Hob iR R Y
4.5 km®, ] B ML 2. 5 km® Al 2] 2 km® |, H
A R Hb B A b
1.2 FEATREE

Bl 1(a) 5B 1(b) NEERETNE TP KA
S LAY BT AR SCH VAT 5 2 e R N
HiZ &K EH. 2014 45 11 A & 2015 4F 4
A HFREEREIFIET /Y | B R U S o R
IRTESE . AR 4 L AR BN, T3 R 5 R
PO B AR KRR - 10 em IR K BE (FE R
e R FR R T S AR . KRR
F A — H T A e S0 5, 2046 A Jo iR R Pkl
% 2 S E S R AT
1.3 iR AL Rk

AYMTRESR T A IE O bt . A H ke, Y
o 3 A, Wy B 35 [E Fisher 2y A7) B B8 21 4 i
( Whatman GF/F , G 4(fL4£0. 7 pm) F 450°C S 3i 4
HRIBE 6 b JCOKBRER 84 (70 Hr4l) T 550°C B e
thbe 8 b, o E T TR T WA A AR
Fize — AW BEdhie 72 h X, BE TR A i
Mgt — A 22 L 6 W5 45 1.
1.4 FESOTTALIE
1.4.1 AR IER R R

TKAE 22 39 385 2F A 8 5 5 8 )5 2 A BR U
G R R IR 1L 2 pH <2, #8457, i 2 A 3h
[i5 FH 25 HUZR Gt ( Horizon A ], SPE-DEX 4790 ) %% B
(CI18 Ji, Ei 4% 47 mm,3M A #]) , £ BUKH 50 mL
(IR OSSR | PR 2 OO e vk 4 . e fk . W
AR, B IE C R AR, &t — 2 T W4,
AME 0.2 mL J5, MARBY, A -26CHI7K
FETh AR
1.4.2  IEFGERE AR

FESR T GC-MS ( Agilent 23 %] ,7890A/5975C)
IYHT, (% FE S HP-5MS B4 HE (30.0 m x 0. 32
AR LA R, W]
mL-min ™", JEAE VR 280°C. THERET M. ¥IHGTR
J&50°C, 4% 1 min J5, L 20 Comin ™' FHlE &
200°C , FF-LA 10 °C - min =" {93 B FH R 2 290°C |, PR +F
15 min. JCAr i E A, dEAE G 1 wl. EI B EUR 70
eV, B FURE B 230°C. REEHFEHE I H N iR
Bk AT BT

mm x 0.25 pm).



10 44 JBEELAE o ST A HE AR T T T v A S AR e R R U A S 3783

N <

[] M2 Ak B AR
[ ] AHh S

Tk
ERE 3T
L6 ) oy 0

® kiR
Q HEHWR  —  HFWHN

—  ATLHHTE

® Huribt > igKifiR
Do LRV S

>N
.
;';;=--:_" ™
——— _\? ~\
LT ﬁ?mﬁlﬂ ~ \;j
P
N \___,,..‘__C—/ _~-._:,__:___,__ — . Iu \.

——

2 km ‘-"‘\._
1

(b) E W

B1 REASHTRE

Fig. 1 Location of the sampling sites

2 HREWE

2.1 IEMREIE S S BURRIE

EMERR SR 1 i, e, 2%
SRR R A5 IE A e 4 8 S B (DT-ALK) 2R 102 ~
356 ng-L~"SFH{E A 230 ng-L~"; i O
DT-ALK f& & 110 ~ 697 ng-L™', ‘¥ {8 K 310
BMACRE B 12 AR 2 A4, Z il m
e H B DT-ALK ¥ E R RE. S0,
[F) A5 A7 9 DT-ALK 25ttt i 5 s 1) A AS [] 1 4 7 —
EMZES. BN, £E 2014 4211 A ~2015 451 A, %
IR 5 IR O By DT-ALK 2115 43 51 9 207
ng-L~'H1 191 ng-L™", M7E 2015 4 2 ~4 J W 5351
4253 ng+L~"F1389 ng-L~" B RAE S 2B
20154F2 ~4 AT 2014 411 A ~2015 41 AWy
M4

HE% 1 o0, 22K R T O B RS B
YEIRTRE I AT nC,, ~ nCy. $% TR ] YA ],
A BRI A ot 0 o et Yk B )7 S8 0EL, P 2014 4F
11 A ~2015 4F 1 A, ZF RS IE LT 5

ng-L~".

U SR S 1Y 3 FP K43 43 A nC g (86 ng-L71) |
nC,, (27 ng-L™") Fl nCy, (22 ng-L™") , 1M 2015 4 2
~4 AW 4350~ nC, (96 ng-L™") . nC, (46
ng-L™") il nC,, (34 ng-L™"). ZJif 2014 4£ 11 A
~2015 4F 1 AP35 8 i 19 3 Rl IR
nC, (105 ng-L™") . nC,, (19 ng-L™") 1 nC,, (16

ng-L7"); 2015 4F 2 ~ 4 H WK KN nC, (274
ng-L™") nC,, (225 ng-L™") Al nC,; (79 ng-L7").

X4 2 S i ) 268 5 SR R T I A4 o b i AR TR
I ELAH ) b 5 78 AS [R) sf ] B 9 A ML g A AR
A

K HMEBRBOIE R BERE (nCy, ) 5 mbEUE e ke
(nCy, ) B FL{H ( LMH/HMH ) 7] LATE b S et 44 A 1E
BRI 25 5. 36 2 R IE M KE K 0 45 T4 s
AIEIZER R 11 A, 2 A/ LMH/HMH {f¥/hF 1,
FeRX A A B IE M b DL s B A o0 5 3 A
M EEAE 2 o 1, 3 I3 s AR A 5 %) TF A o e i A\
ARFEF wHA A Gy AR R T 1, BB R 38 A
WREUERI R A £, E T4 A i LMH/HMH
HIKT 1,465 H B DURBREUE M Bk 5 3%



3784 H B% B &2 37 %
F1 BESEAREEE" /ng L7
Table 1 Content of dissolved alkanes/ng-1.~"
LR ESYAlLl

T H 2014 4F 2015 4E 2014 4F 2015 4F

11 A 12 A 1A 2 A 3 A 4 1 11 A 12 A 2 A 3 A 4 A
Ca 4.2 11.4 6.2 7.7 6.9 10.5 24.6 6.9 8.8 12.1 14. 8
Cis 9.0 26.2 0.0 11.1 18.7 5.3 10.0 0.0 9.8 0.0 46.6
Cis 49.1 145 63.7 72.1 153 64.0 114 9.5 59. 4 118 274
Cypy 6.8 54.4 19.4 15.1 2.3 7.7 5.7 15.3 7.6 93.1 225
o N.d N.d 11.1 N.d N.d N.d N.d 3.6 N.d 87.2 N.d
Cyy 2.1 1.5 0.1 N.d N.d N.d 37.0 N.d 0.7 5.4 10.7
Cyy 2.1 1.5 N.d 18.2 11.2 4.6 N.d 12.0 N.d 19.9 N.d
Cys 5.6 4.5 8.1 11.9 10.6 1.1 3.5 7.9 7.6 0.5 79.3
Cys 16.0 0.7 2.6 2.4 1.9 0.4 1.6 2.8 1.9 1.9 9.5
Cog N.d N.d 4.6 2.4 N.d N.d 3.9 2.8 3.5 1.3 1.9
Cyy 0.7 0.4 3.5 0.2 3.1 0.8 1.1 1.0 2.5 4.1 2.5
o 1.1 2.4 2.4 5.9 1.4 1.3 3.4 0.5 N.d 2.8 1.8
Cyo 3.1 3.7 0.3 5.0 2.0 1.0 1.9 1.7 1.5 0.3 2.7
Cso N.d 1.7 5.2 3.7 N.d N.d 2.8 3.9 N.d 4.7 2.5
Cy, 64.5 N.d 2.6 2.1 100 N.d 1.9 1.9 1.3 0.0 5.2
o 2.6 N.d 4.5 1.7 40. 4 0.9 6.0 0.8 1.5 2.8 4.6
Cy 39.9 N.d 2.2 138 N.d 0.1 1.0 N.d N.d N.d 6.4
Cyy 1.8 2.0 2.5 2.1 1.2 0.4 0.2 1.8 0.8 0.4 2.8
Cas 2.2 5.5 11.9 2.0 3.5 4.0 2.7 N.d 3.5 6.3 7.0
DT-ALK 211 261 151 302 356 102 222 160 110 361 697

RS 207 253 191 389
pse ] 230 310
1) “N. d” FR TR BE , DT-ALK F27R “ i i 25 1E A Be b vk B i
x2 DTHEERY
Table 2 Characteristics of molecular indexes
LRI ELy AL
SgE| 2014 4E 2015 4F 2014 4 2015 4f
1A 124 1 H 2 A 3 A 4 H 11 A 12 H 2 A 3 A 4 H

LMH/HMH 0.5 10.0 2.0 0.5 1.0 6.0 2.3 3.3 3.5 6.1 4.1
CPl5_»s 0.4 0.6 0.4 0.4 0.2 0.2 0.4 0.2 0.4 0.4 1.3
CPlys 35 23.1 1.7 1.2 9.5 2.6 2.4 0.6 0.8 1.9 1.1 2.4
Paq 0.2 0.6 0.8 0.7 0.1 0.6 0.6 0.7 0.8 0.9 0.9
Al 1.0 0.0 0.9 0.3 1.0 0.0 0.5 0.5 0.5 0.0 0.7
Temp 13.4 8.0 9.0 11.2 15.8 20.3 13.4 8.0 11.2 15.8 20.3

1) LMH/HMH = nC;,/nCy5 CPL,_, = 172[ 2 (C, ~ C) g/ 2, (Cosy ~ o) + 2. (Cop ~ C) i/ 2 (Coay = s g ) (m Al
PRIEEEH n > m > 1); Paq = (Cy; + Cps)/(Cp3 + Cos + Cyg + Cqy) 3 Al = C3,/(Cqy + Cyg)

2.2 MR B TH 4

FIFE bR BB 1R RO | e (C, )
TR OE S 0T 25 4 0 Bk A i
BT WU 2 R B 2 S0 | B
0Cyy ~ nCog MERE N 2, 52 S0 BB OE S AT 597
SRS U ) OB B S BN B Gy, ~
nCo MR 5 UK | TV 5 KRB A B
IS4 K nCy ~ nCy, H7E % X ) B &% K
FEUS 17 R s Ay XL T FL S 0 5 B . 7
A8 A KRR 0 5 5 5 R A A RO 45

L8210

WAL HEFEEL ( carbon preference index , CPI) % #¢
FHADAl— g 9 Bl A & 8O S B ) 3. & CPI
<1, W BAEBREL Y & CPL> 1, WA 75 R E AL
2B RS H R 25 5 DK 2R 5 R I R
o3Agr R 2 2K o 2 (a) 2014 4R 12
2015 4F 1 A4 A 3 A HIEMBekemor . 45
B2 AR 3 A R AY IE M b K ik o A
R - B C 16, H CPLHTE nC,y ~
nCZS?EI% (CPL, ) W/ 1, BAG B 5 A ik O



10 44 JBEELAE o ST A HE AR T T T v A S AR e R R U A S 3785

PR RAHUTORIE T8 A . HES MY
B B 2(b) k2014 4E 11 H L 2015 4E2 H
53 A WIERBERR B A, 456 2% 2 ] R AR A
AR IOBE " JEAS AT C,, 16 H CPIL, s 34/NF
1, AR, Rt YA 5% 31 5
C,.33 H CPL,_,} 1.2 ~23, HA5 B i &8 {4,
s AR EA bR AT X3 AN,
FF IR IEA eI A 2 B A Y 5 & SR
B AR S

K3 k2014 4E 11 A ~2015 4E 1 A 12015 4F
2 ~4 AT O IEM BRI EU . 45532,
SRR RN, e A I R 25 1E M o I B A 4y
ATEAS H Y LB Hlde-Fi g e CPT, L /NT 1,

HAMmMHEHE C,. 16, RIATERFEHI N, 2 el 1)
IR B AT W AR .
(a) 2014-12
140 |- 2015-01
y 2015-04
120
Té},mo :
=
® 80
L=
£ 60
=
& 40
[a]
20
140 | &) |:|201-': 02
S 2015-03
120
Eﬂwo o
§ 80 |
o5
B
=
<
=
[a]

e
B2 =XEHEHRBREFESH
Fig. 2 Abundance distribution of alkanes in Jiangjia spring
K LMH/HMH fELJR AT 485 75 A8 [/ A I8 1E 44 Joe
KER TR, 8 A B A B ke ok B A T

TRBRECK A e ™ . sk 2 A, E iR
LMH/HMH #)KF 2, MR EOE A i ke R £, B 4%
A UGE YA #2014 45 11 H ~2015 4
1 H52015 42 ~4 F % LMH/HMH {84514 2.3

014-11

140 |- @

120

S
=]

DT-ALKJ5 fit#e g /ng- L™
g B

DT-ALK Jfi fit e Ji/ng L™

574
B3 ZREAFEMREREFESR

Fig. 3 Abundance distribution of alkanes in Laolongdong

~3.3.3.4 ~6.1, FIMHS 9K 2.8 Fl 4.6, 45 7%
2015 42 ~4 H WA Y A KT 2014 4 11 H
~2015 4F 1 H. #BRE 1L A5 2 AMEY/N 1,
VLRI H EZ DA s St A £ 3 HE
T FR A Y SR A A ZEAS K A
AUy A KT 1, R B URE DA 5 2014
11 H ~2015 4 1 H 5 2015 4£ 2 ~4 H HAE 5
$70.49 ~ 10 F10.54 ~6. 04, FEI{E 45K 4. 15 Fl
2.54 FERFF K 2014 4 11 H ~2015 41 A sk
YA R T 2015 4E 2 ~4 H. 1E8A SRR
W, 2 e TR 7S IR AR e SR R IR 25 A ) R e PR T
ARFEGRINL 5 IR PR 2 IR R K g R A E
FBERE 5 M B /N T 22 5K

2 nf%,2 A .3 Af4 A LMH/HMH {55
TR Y A I, Ui 2015 4E 2 ~4 ) Wi A A
Yy ok 7E 3R BT A e R P Y T
iRt Br 12 A4 A e B RE Y IR
Pelekim A T RR IR, MR 2 AL, WO 4
F ) DT-ALK 353 d5 FAH, T 22 28 58 I s /b 22 eI
H. ZHRRAEFEFEEZ ARG ,2015 4 2
~4 1 PR S RN A 0, B VAT 7 2 R



3786 AN 5%

B 37 %

IKFRREAE FH, (8045 25 Tl B 43 19 0T &2tk B B {1, DT-
ALK JF v B 3 ol o4 T 88 0 g i 202> i 2 M
A H1 32 2 NS5 sh i 7™ TR, H R ) K H AR AL T
HEFREN KPR B AR IR
BRI, X L) AR IR B — Wk B 2 R RO 2
IR AR Bl 2015 4F 2 ~4 ASIRTH
1o S5 R R AR A R, R KR B T TR IR K T B
JOT WA R i A R A A A A A R L ) e e S
SRR N, IFAE 4 IR B R AL

Paq 1] 2 X 43 AN [ A1 9 2 784 1) 1E 4 ot A i
AP Paq 79 0.01 ~0. 25, 4878 LARE A HL 5 A
FE; A Pag A 0.4 ~0.6, M5/~ H LI KFE Y 4
AR T # Paq>0. 6, MFE R LURIK (B ) K
M KA R A KIS A 15
EICEVHN 2014 AE 11 A 52015 42 A R IERE
fif A IEA eI LA = SR A AR 35 2015 4R 3 Y
Y S A AR AE DL SRR A
HEM2014 11 H 2015 42 A3 A, KR
[ Paq 775120 0.2, 0.7 F10. 1, ¥8~nZHK R 11 H .3
A VLB EAE Y05 AR 3,2 A RAUK R A P8 A
HE. BERFEE (alkane index, AD) 7] K45 /R A
FE YIRS ) 109 AH X i A Tk, 5 AL > 0. 5 F5 7%
DIEEAKE M) G O0E 25 AT <0. 5 WIERA LR A 4
ARSI 11 A5 3 AR AL 558 0.95
0. 98, Ui W T AR SCHEX A H DAFAHE Y i A .
Wi Z W G, ZHZ R 12 A1 HR4 A
DARAE S A R 3 10 A AR VR R AR e AR £
A —E LB A IR A 2 A DK A KA
Wi AR R EA —E el A=A 3 A
A S G UR A B LA A B R A A JF HL 2014
11 A 52015 4 3 H BBV S SEAE ) 32 22 AR
FEY. TERAEI P, 2 e b T ] (%) 1E A8 o 428 U] 25
DA i A 3.

3 g

(1) BEAT AU T {7 B Fl A 22 5 A
IRIPIFEG A3 Bl i XUE S ], JE O 2 AR
Rz I 3 U R e S = S B2 B A1 DK R ]
(AR AR S NN R K. - NI = b L DR B3
S22 RE X IR 2 e 1 T 3T, D] 52 3 7 R i Bl
MR, AR, NONIE B 225, RS EGE AR
53 e 1 T T ROV RS IE R b e i AR B S L
HEERNFENR.

(2) BIRE AR Tl P4 G 7T Y

PAPEIRIT . A ARPREARRL, (H 7R =], 2 e i

H TR K B R S IE R SR ) S R R T AR

R RN, 3 AR AR T & e W 5 5 A2 B i) [

PRI 2R %) 52 ], R A 3 B0 A A ) s i) B 1) 7 e 25

TER B R IR Y 22 5, BIVBEA I B] A 284k, 75 AR G HE

T2 AR R A W) A BOR A A B

KA 6] A 9 IE A e ok U AR 2% T XLz 5 TR

ST BN E PRSP NG R NP 8- IRV

VRS IE R e O i VA = LRI R & —.

B2k

[ 1] Sanchez N P, Skeriotis A T, Miller C M. A PARAFAC-based
long-term assessment of DOM in a multi-coagulant drinking water
treatment scheme [ J]. Environmental Science & Technology,
2014, 48(3) : 1582-1591.

[2] Mendoza W G, Zika R G. On the temporal variation of DOM
fluorescence on the southwest Florida continental shelf [ J].
Progress in Oceanography, 2014, 120 189-204.

[3] Aiken G R, Hsu-Kim H, Ryan J N. Influence of dissolved
organic matter on the environmental fate of metals, nanoparticles,
and colloids[ J].
45(8) : 3196-3201.

[4] Bianchi T S, Canuel E A. Chemical biomarkers in aquatic
ecosystems|[ M ].
502.

[ 5] EmstN, Peterse I, Breitenbach S F M, et al. Biomarkers record
environmental changes along an altitudinal transect in the wettest
place on Earth[ J]. Organic Geochemistry, 2013, 60 93-99.

[ 6] Jemec A, Drobne D, Tisler T, et al. Biochemical biomarkers in

Environmental Science & Technology, 2011,

Princeton: Princeton University Press, 2011.

environmental studies-lessons learnt from enzymes catalase,
glutathione S-transferase and cholinesterase in two crustacean
species[ J ]. Environmental Science and Pollution Research,
2010, 17(3) ; 571-581.

[ 7] ZEEe. AR A Lt DX R /KRR R AR A 345 b 5 ]

A —LEREULLT]. H AW, 2000, 19(2) : 103-108.
Yuan D X. Aspects on the new round land and resources survey
in Karst rock desertification Areas of South China [ J ].
Carsologica Sinica, 2000, 19(2) : 103-108.

[8] xifde. WEGHZEIM]. Jtat: B, 1994, 207.

9] MEN, WALk, Fildk. REEFE KD EZHIFIRTG YR
EBORIRMAT)]. FRBERE, 2014, 35(6) : 2091-2098.
Sun Y C, Shen L C, Yuan D X. Contamination and source of
polycyclic aromatic hydrocarbons in Epikarst spring water[ J ].
Environmental Science, 2014, 35(6) : 2091-2098.

[10] AEHr, R, TIER, 4 SEKMILZ R N REE

Smorn R R AERESI[)]. FERE, 2015, 36(11)
4095-4102.
Ren K, Liang Z B, Yu Z L, et al. Distribution and
transportation characteristics of heavy metals in Nanshan
Laolongdong subterranean river system and its capacity of self-
purification in Chongging[ J]. Environmental Science, 2015, 36
(11) . 4095-4102.

(11] R, P, B, % EICE R T e | ok
B A s e A oe [ 1], BEERME, 2014, 35(4) ; 1297-
1303.



10

PSS

SR TIT AT T M T i 25 TE R e oA R ) 52

3787

[12]

[13]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Lan J C, Yang P H, Ren K, et al. Investigation of nitrogen,

phosphorus and  microbial ~contamination in  Laolongdong

underground river system of Chongging [ J ]. Environmental
Science, 2014, 35(4) : 1297-1303.
Colombo J C, Pelletier E, Brochu C, et al. Determination of
hydrocarbon sources using n-alkane and polyaromatic hydrocarbon
distribution indexes. Case study: Rio de la Plata Estuary,
Argentina[ J]. Environmental Science & Technology, 1989, 23
(7). 888-894.

Moossen H, Bendle J, Seki O, et al. North Atlantic Holocene
climate evolution recorded by high-resolution terrestrial and
marine biomarker records [ J ]. Quaternary Science Reviews,
2015, 129 111-127.

Andersson R A, Kuhry P, Meyers P,

paleohydrological changes on n-alkane biomarker compositions of

et al. Tmpacts of
a Holocene peat sequence in the eastern European Russian Arctic
[J]. Organic Geochemistry, 2011, 42(9) ; 1065-1075.
Volkman J K, Holdsworth D G, Neill G P, et al. Identification
of natural, anthropogenic and petroleum hydrocarbons in aquatic
sediments[ J]. Science of the Total Environment, 1992, 112(2-
3):203-219.

WG, JrLE, WRPCH, A RO R M - geh IE R B e 4y
FAabR W AR R (1], BRI RL A, 2012, 33(10):
3457-3465.

Yao P, Yin HZ, Yao Q Z, et al. Composition of n-alkanes in
soils of the Yellow River estuary wetlands and their potential as
organic matter source indicators [ J ]. Environmental Science,
2012, 33(10) : 3457-3465.

Nott C J, Xie S C, Avsejs L A, et al. n-Alkane distributions in
ombrotrophic mires as indicators of vegetation change related to
climatic variation[ J ]. Organic Geochemistry, 2000, 31(2-3) .
231-235.

Blumer M, Guillard R R L, Chase T. Hydrocarbons of marine
phytoplankton[ J]. Marine Biology, 1971, 8(3) . 183-189.
Robinson N, Cranwell P A, Eglinton G. Sources of the lipids in
the bottom sediments of an English oligo-mesotrophic lake[ J].
Freshwater Biology, 1987, 17(1) . 15-33.

Ficken K J, Li B, Swain D L, et al. An n-alkane proxy for the
sedimentary input
macrophytes[ J]. Organic Geochemistry, 2000, 31(7-8) ; 745-
749.

de Souza D B, Machado K S, Froehner S, et al. Distribution of
n-alkanes in lacustrine sediments from subtropical lake in Brazil
[J]. Chemie der Erde-Geochemistry, 2011, 71(2); 171-176.
Bray E E, Evans E D. Distribution of n-paraffins as a clue to

of submerged/floating freshwater aquatic

recognition of source beds [ J]. Geochimica et Cosmochimica
Acta, 1961, 22(1): 2-15.

Scalan E S, Smith J E. An improved measure of the odd-even
predominance in the normal alkanes of sediment extracts and
petroleum[ J ]. Geochimica et Cosmochimica Acta, 1970, 34
(5): 611-620.

Elias V O, Simoneit B R T, Cardoso J N. Even n-alkane
predominances on the amazon shelf and a Northeast Pacific
hydrothermal system[ J]. Naturwissenschaften, 1997, 84 (9) .
415-420.
Jones J G.

particular reference to hydrocarbons [ J ].

Studies on lipids of soil micro-organisms with

Journal of General

[27]

[28]

[30]

[31]

[32]

[33]

[34]

[35]

Microbiology, 1969, 59(2) . 145-152.

Wang Y L, Fang X M, Zhang T W, et al. Predominance of even
carbon-numbered n-alkanes from lacustrine sediments in Linxia
Basin, NE Tibetan Plateau; implications for climate change[ J].
Applied Geochemistry, 2010, 25(10) : 1478-1486.

Vogts A, Schefull E, Badewien T, et al. n-Alkane parameters
from a deep sea sediment transect off southwest Africa reflect
continental vegetation and climate conditions [ J ]. Organic
Geochemistry, 2012, 47 . 109-119.

Bush R T, Mcinerney F A. Leaf wax n-alkane distributions in
and across modern plants; implications for paleoecology and
chemotaxonomy[ J]. Geochimica et Cosmochimica Acta, 2013,
117. 161-179.

FAKAT, Jr/NE, I, S T ERR (GRER) 1% 2 Al DX
PUR TP IR o T A AR SRR [T, T EF
D . HEREL, 2007, 37(3) : 386-396.

Wang Y L, Fang X M, Bai Y, et al. Distribution of lipids in
modern soils from various regions with continuous climate
('moisture-heat) change in China and their climate significance
[J]. Science in China Series D: Earth Sciences, 2007, 50(4) :
600-612.

2R ARG AR & X5 LR TR TR R R R A
HERTLER [ D], 7585 . PEREEE R, 2014,

Li F. Research on lipid biomarkers biogeochemistry of
sedimentary matters in the red tide-frequent-occurrence area in
the East China Sea and Zhou Shan Islands[ D]. Qingdao: Ocean
University of China, 2014.

Wer, ABMR, HHIT, 5. MBS KRG hiE it AL
BUERIFAEL 1], PREERL2, 2014, 35(5) ; 1766-1772.
Yao X, Zou S Z, Xia R Y, et al. Dissolved organic matter
(DOM) dynamics in Karst aquifer systems[ J]. Environmental
Science, 2014, 35(5) ; 1766-1772.

FRFE. AT R BE Y A RERFR [ D], R P
K2, 2015.
Wang F K.

microorganism in karst underground river [ D J.

Study on the distribution characteristics of
Chongqing:
Southwest University, 2015.

e, INEN, R, S HRIBUE VR XK R i
RS IEM B RE | MR TR IR SER8 KA [)]. BB,
2015, 36(9) : 3212-3219.

Liang Z B, Sun Y C, Wang Z B, et al. Migration and conversion
of dissolved alkanes, dissolved fatty acids in a karst underground
River Water, in Chongqing Area[ J]. Environmental Science,
2015, 36(9) : 3212-3219.

JRHET . T B AT 3 A O 5 B VA R A IE A e R 4
fil D], EifE: SRR AR, 2006.

Qi Y P. Distribution of particulate and dissolved n-alkanes in the
Changjiang and its adjacent sea [ D]. Shanghai: East China
Normal University, 2006.

WAE, A BB E RS BRMTIRIE R[],
2F4%, 2004, 22(2) : 343-347.

Yao S C, Li S J. Sedimentary records of eutrophication for the

TR

last 100 years in Caohu Lake[J]. Acta Sedimentologica Sinica,
2004, 22(2) : 343-347.

Yamamoto S, Kawamura K, Seki O, et al. Environmental
influences over the last 16 ka on compound-specific &'C

variations of leaf wax n-alkanes in the Hani peat deposit from



3788

woooH

2% 37 &

[37]

[38]

northeast China[ J]. Chemical Geology, 2010, 277(3-4) ; 261-
268.

Xing L, Zhang H L, Yuan Z N, et al. Terrestrial and marine
biomarker estimates of organic matter sources and distributions in
surface sediments from the East China Sea shelf[ J]. Continental
Shelf Research, 2011, 31(10) ; 1106-1115.

Sikes E L, Uhle M E, Nodder S D, et al. Sources of organic
matter in a coastal marine environment: evidence from n-alkanes
and their 8" C distributions in the Hauraki Gulf, New Zealand
[J]. Marine Chemistry, 2009, 113(3-4) ; 149-163.

Xgde, AL, gk T, A& WL R TR Ef e S
LI IFIRATIREE AR (DR [ )], Bk, 2004, 33(5):

[40]

501-506.

Liu J H, Qi SH, Zhang G, et al. Response of the n-alkanes and
polycyclic aromatic hydrocarbons records in sediments from lake
Liangzi to the environmental change[ J]. Geochimica, 2004, 33
(5): 501-506.

PR, RS, AR, AF. REEILR MDOS-2904 JURHERAE
26 JTAELIORFIZ KR E R IR AW bric e s [J]. B
E i, 2008, 53(11): 1324-1331.

He J, Zhao M X, Li L, et al. Sea surface temperature and
terrestrial biomarker records of the last 260 ka of core MDO5-
2904 from the northern South China Sea[ J].
Bulletin, 2008, 53(15) : 2376-2384.

Chinese Science



HUANJING KEXUE Vol.37  No. 10

Environmental Science ( monthly) Oct. 15, 2016

CONTENTS

Scavenging Effect of Rime and East Wind on PM, s Under Air Heavy Pollution in Beijing ~ «+seeeeeeeressesssiennssinienennn SUN Zhao-bin, LIAO Xiao-nong, WANG Zhan-shan, et al. (3679)
Impact of Collision Removal of Rainfall on Aerosol Particles of Different Sizes ««+x«+xessererereressnnsnsnineinsniinissnssn e DONG Qun, ZHAO Pu-sheng, CHEN Yi-na ( 3686 )
Source Apportionment and Health Risk Assessment of VOCs During the Haze Period in the Winter in Beijing «+++veoeeorereesesenneissisensiennn LIU Dan, XIE Qiang, ZHANG Xin, et al. (3693)
Pollution Characteristics and Emission Coefficient of Volatile Organic Compounds from Shoe-making Industry in Zhejiang Province ~ «++++vereeee XU Zhi-rong, YAO Yi, CAI Wei-dan, et al. (3702)
Oxidative Capacity of the PM,, and PM, 5 in Beijing During 2014 APEC ++eseeeerereesesssersrssssnniinisiiiiisene GUO Qian, SHAO Long-yi, WANG Wen-hua, et al. (3708)
Concentration, Water-Soluble lonic and Polycyclic Aromatic Hydrocarbons Composition and Sources of PM, s During Summer in Hongshan District, Wuhan — «eeoeeeeeessensssiniinnens

SUN Yan, QI Shi-hua, ZHANG Li, et al. (3714
+ WANG Zhen, YU Yi-jun, XU Pu-qing, et al. (3723
Comparison Test Between On-line Monitoring of Water-soluble lons and Filter-based Manual Methods for PM, YANG Dong-yan, LIU Bao-xian, SHI Ai-jun, et al. (3730
Chemical Composition of Water-soluble Ions in Smoke Emitted from Tree Branch Combustion = ««+:e+eesseseesessesenensmenenennsinininsininenns LIU Gang, HUANG Ke, LI Jiu-hai, et al. (3737
+++ FAN Xiao-xiao, JIANG Jing-kun, ZHANG Qiang, et al. (3743

Statistical Characteristics of Urban Changzhou PM, 5 Based on k-means Analysis

Number Concentration and Size Distribution of Particles Emitted by Light-duty Gasoline Vehicles

)
)
)
)
)
)
)
)

Testbed-Based Exhaust Emission Factors for Marine Diesel Engines in China ++ XING Hui, DUAN Shu-lin, HUANG Lian-zhong, et al. (3750
Distribution, Source and Human Exposure of Phthalic Acid Esters (PAEs) in Surface Dust in Urban Area of Xi’an City, China -+ ZHANG Wen-juan, WANG Li-jun, WANG Li, et al. (3758
Mercury Emission Characteristics and Mercury Concentrations of Municipal Solid Waste in Waste Incineration Plants «+«+xsseseeeveeeees DUAN Zhen-ya, SU Hai-tao, WANG Feng-yang, et al. (3766
Role of Sulfate-Reducing Bacteria in Mercury Methylation in Soil of the Water-Level-Fluctuating Zone of the Three Gorges Reservoir Area »«++seseeseeesesereresisnieneniinininnns

* CHEN Rui, CHEN Hua, WANG Ding-yong, et al. (3774)
LIAO Yu, SUN Yu-chuan, SHEN Li-cheng, et al. (3781)

Impact of Urbanization on the Sources of Dissolved n-alkane in Underground River

Source Apportionment and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons in Surface Water from Yangtze River, China; Based on PMF Model ««+«eseeseseerseseeneneneenens
......................................................................................................................................................... WANG Cheng-long, ZOU Xin-ging, ZHAO Yi-fei, et al. (3789)
Hydro-chemical Characteristics and Quality Assessment of Surface Water in Gongga Mountain Region HE Xiao-li, WU Yan-hong, ZHOU Jun, et al. (3798)
UV-Visible Spectra Properties of DOM from Taizi River in Benxi City Section by Multivariable Analysis »++-++-* QIAN Feng, WU Jie-yun, YU Hui-bin, et al. (3806)
Vertical Distribution Characteristics of Dissolved Organic Matter in Groundwater and Its Cause — «++veeseeseereeneessmmenensisncnenen HE Xiao-song, ZHANG Hui, HUANG Cai-hong, et al. (3813)
Sediment Characteristics of Sewer in Different Functional Areas of Kunming ««+eesesersessessessenenmmninensinnnnn CHANG Hai-dong, JIN Peng-kang, FU Bo-wen, et al. (3821)
Concentration of Phosphorus in Sediments Interstitial Water as Affected by Distribution of Aquatic Plants in Dianchi Lake ««+-++«+se+e-e DING Shuai, WANG Sheng-rui, ZHANG Rui, et al. (3828)
Efficiency and Mechanism of Capping with Purple Parent Rocks to Control Phosphorus Release from Sediments = «+esxeoeseeeereseeeseseeeees HUANG Xue-jiao, SHI Wen-hao, NI Jiu-pai, et al. (3835)
Temporal and Spatial Distribution of Phosphorus in Paddy Fields Under Cyclic Irrigation of Drainage Water «-«+-«sstsseeesesesenesenensnneenne JIAO Ping-jin, XU Di, ZHU Jian-qiang, et al. (3842)
GO/QPEI Nanocomposite for Fast and High-capacity Removal of M. Aeruginosa ««+«+++sstsveseersssssnssressssnininnininiiitiiss s LI Jie, XIAO Lin (3850 )
Enhanced Pollutant Removal Performance of an Integrated Biological Settling Tank from Micro-polluted Water Bodies —+esvseereereesesesereeees WANG Wen-dong, LIU Hui, MA Cui, et al. (3858)

Odorants Removal and Microbial Characteristics in Treatment of Micro-polluted Source Water with Biological Powdered Activated Carbon-Ultrafiliration Combined Process

............................................................................................................................................................... XUAN Yong_qu ZHOU Ll, DENC Hul-pll’lg, el al' (3864)
Effect of Polysilicic Acid on the Deposition Behavior of Different Aluminum Species +««+s+xsessesserserssenenennsisinenssninsnenens ZHAO Yuan-yuan, ZHANG Yue, LI Su-ying, et al. (3870)
Concentration Variation and Removal of Amino Acids in Typical Drinking Sources in the South of China «+«+essereereeesrmerenesenicnenen LIU Wei, CAI Guang-giang, LU Xiao-yan, et al. (3877)

)

Degradation of the Nitrogenous Heterocyclic Compound Quinoline by O5/UV - «eeeeeeseeees +++ CHEN Ao-lei, CHANG Feng-min, WANG Cui-ping, et al. (3884
Impact of Anthraquinone-2-sulfonic Acid on the MO Decolorization, Hydrogen Production and Energy Creation During Anaerobic Fermentation of Klebsiella oxytoca GS-4-08 with Sucrose

.............................................................................................................................................................................. HU Jin-mei, YU Lei, HUANG Tian-yin ( 3891)
Classification and Analysis of Dissolved Organic Matter in 2-Buternal Manufacture Wastewater ««+:«+stssssseersesesssmmensnnienicnennes SUN Xiu-mei, SONG Guang-qing, XI Hong-bo, et al. (3899)
Concentration of Nitrate in Main Anoxic Stage and PHA, TP Metabolism for Nitrogen and Phosphorus Removal in Single Sludge System with Continuous Flow «+«esseseeseereresnessenesicnenenens

............................................................................................................................................................... WANG Xiao-ling, YUAN Dong-dan, BAI Li, et al. (3906
Distribution Characteristics of Anaerobic Ammonia Oxidation Bacteria in Sediments from the Adjacent Seas of Yangtze Estuary ««++oeeseeeeseereresescnnne FU Lu-lu, ZHEN Yu, HE Hui, et al. (3914
Bacterial Community Composition of Activated Sludge from Coking Wastewater «++++x++sstreesresssssmenneissenininne s MENG Xiao-jun, LI Hai-bo, CAO Hong-bin, et al. (3923
Soil Bacterial Communities Under Different Vegetation Types in the Loess Plateau (

HU Xiao-bing, RAO Qiang, TANG Su-lan, et al. (3939

Effects of Phenol on Activity and Microfauna Community Structure of Activated Sludge

)
)
)
LIU Yang, HUANG Yi-mei,ZENG Quan-chao (3931)
)
)
)
)

Comparative Investigation of Antibotic Resistance Genes Between Wastewater and Landfill Leachate +-«+««-reoveeerererermeneneneniennininenneinns HUANG Fu-yi, LI Hu, AN Xin-li, et al. (3949
Performance and Influencing Factors of Dissimilatory Nitrate Reduction to Ammonium Process by the Strain Desulfovibrio sp. CMX =+ XIE Bing-ke, ZHANG Yu, WANG Xiao-wei, et al. (3955
Effect of Straw Incorporation and Domestic Sewage Irrigation on Ammonia Volatilization from Paddy Fields ««-v+essereerrerreeeencnneescnnes XU Shan-shan, HOU Peng-fu, FAN Li-hui, et al. (3963
Seasonal Effect of Simulated Nitrogen Deposition on Soil Respiration and Soil Enzyme Activity in Masson Pine Forest in Mt. Jinyun, Chongging, China
.................................................................................................................................................................. ZENG Qing-ping, HE Bing-hui, LI Yuan, et al. (3971)
Effects of Biochar Amendment and Trrigation on Denitrification Losses in Greenhouse Tomato Fields «+-«+«+veseereeeeeeee ZHANG Wen-juan, SHE Dong-li, Gamareldawla H. D. Agbna, et al. (3979)
Effects of Soil Texture on Autotrophic CO, Fixation Bacterial Communities and Their CO, Assimilation Contents WANG Qun-yan, WU Xiao-hong, ZHU Zhen-ke, et al. (3987)
Simulation of the Absorption, Migration and Accumulation Process of Heavy Metal Elements in Soil-crop System ++ SHI Ya-xing, WU Shao-hua, ZHOU Sheng-lu, et al. (3996)
Synergetic Control of Bioavailability of Ph, Cd and As in the Rice Paddy System by Combined Amendments +++++-+++ WANG Ying-jie, ZOU Jia-ling, YANG Wen-tao, et al. (4004)
Effects of Different Organic Materials on Bio-availability of Cd, Pb in a Contaminated Greenhouse Soil «+++++sereeessesnersesseennenne ZHOU Gui-yu, JIANG Hui-min, YANG Jun-cheng, et al. (4011)
Effect of Montmorillonite on Fractions and Availability of Phosphorus in Soils Applied with Organic Fertilizer ««+:«-sssesesseseeeees SONG Xian-wei, ZHAO Xiu-lan, ZHANG Jin-zhong, et al. (4020)
Effect of Nano Zeolite on Chemical Fractions of Cd in Soil and Uptake by Chinese Cabbage at Different Soil pH and Cadmium Levels -+ QIN Yu-li, XIONG Shi-juan, XU Wei-hong, et al. (4030)
Characterization of Cr Tolerance and Accumulation in Lolium perenne L. and Pharibitis purpurea(L. ) Voigt «++sverereeeeeereererenen DONG Bing-bing, CHEN You-yuan, HUI Hong-xia, et al. (4044)
In vitro Metabolism of Volatile Methyl Siloxanes «+«+««sstssssrssessersesesenenennininensin s e LI Min-dan, ZHENG Guo-mao, WAN Yi, et al. (4054)
Efficiency of Aerobic Co-composting of Urban Sludge and Chinese Medicinal Herbal Residues —«+veeeererseresesssensnsininsiienn SU Cheng-yuan, ZHENG Peng, RUAN Qi-hua, et al. (4062)



(IMEFRIZFENF 6 REmBEE

£ & BA
BIES: B E BN

9

Z. (HUEREEHT)

=
A

AN
=

3 > iy 7
VL EAR EUIE EZZE WM B o LEE
e S S S Y73k 2,
FOKE NEE X s w0 RS ARE
N =Y > —4= 3 ==
BAEA BEAE £ AR R I BkE W &
W N NS 3 s
WO B R W N W W B
-
w % # g ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) (Monthly Started in 1976)
(HT 1976 48 HAIT])
2016 Qg 10 H 15 H ’;E"? 37 % %‘ 10 Eﬁ Vol.37 No.10 Oct. 15 5 2016
* & TEPER Superintended by Chinese Academy of Sciences
* j]\ *]ﬂf#%%i?&%iﬁﬁﬂ%qj,b Sponsored by Research Center for Eco-Environmental Sciences, Chinese
o o (LEIERE T Academy of Sciences
AL 5T T B8 45 40 R 22 BF 5T Co-Sponsored by Beijing Municipal Research Institute of Environmental
R = S SN Protection
* % A School of Environment, Tsinghua University
i - . Editor-in -Chief ~ ZHAO Jin-cai
= |OORERE) Gi % 5 & EthO(: ; } by Th Ed'tm 'CTB d of Envi tal Sci (HUANJING
. gt | o . ite y e Editorial Board of Environmental Science >
LU 2871 {7 (I3 UL
18 5, R4 : 100085 ) KEXUE) )
H1IT .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085, China
1’%E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mai.l:hjkx@ rcees. ac. cn E-mail :hjkx@ rcees. ac. cn
hitp://www. hikx. ac. en http : //www. hjkx. ac. e¢n
H B 44 4 " " m Published by Science Press
b AR L A 16 =) 16 Donghuangchenggen North Street,
Hiliﬁl%é-lomﬁ Beijing 100717, China
EN R 2 3T dvscdbAkenil) Printed by Beijing Bei Lin Printing House
% 1T 4 # - K ib Distributed by Science Press
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT 1 A& SLEKHHEEE Domestic All Local Post Offices in China
EShR&RIT  HE E PR S E R R A F Foreign China International Book Trading Corporation (Guoji
(b5t 399 f54) Shudian) , P. O. Box 399, Beijing 100044 , China
—ei=  ISSN  0250-3301 s =
nEHS ———————— X
RERETS: 1805 x ERBRL RS 2-821
B A E fir: 120.00 50 ESEZITRS: M 205

EASMRFET



	封面
	10fm
	中文目录

	英文目录
	英文目录
	封底




