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Sources, Migration and Conversion of Dissolved Alkanes, Dissolved Fatty Acids

in a Karst Underground River Water, in Chongqing Area

LIANG Zuo-bing' , SUN Yu-chuan'?*, WANG Zun-bo', SHI Yang', JIANG Ze-li', ZHANG Mei', XIE Zheng-
lan', LIAO Yu'

(1. Key Laboratory of Eco-environments in Three Gorges Reservoir Region, Ministry of Education, School of Geographical Sciences,
Southwest University, Chongging 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: Dissolved alkanes and dissolved fatty acids were collected from Qingmuguan underground river in July, October 2013. By
gas chromatography-mass spectrometer ( GC-MS) , alkanes and fatty acids were quantitatively analyzed. The results showed that average
contents of alkanes and fatty acids were 1354 ng:L~', 24203 ng:L~" in July, and 667 ng-L~', 2526 ng-L~"in October
respectively. With the increasing migration distance of dissolved alkanes and dissolved fatty acids in underground river, their contents
decreased. Based on the molecular characteristic indices of alkanes, like CPI, OEP, Paq and R, dissolved alkanes were mainly
originated from microorganisms in July, and aquatic plants in October. Saturated straight-chain fatty acid had the highest contents in all
samples with the dominant peak in C16:0,combined with the characteristics of carbon peak, algae or bacteria might be the dominant
source of dissolved fatty acids.

Key words : underground river; dissolved organic matter; dissolved alkanes; dissolved fatty acids; biomarker
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OCHE R R 5], B T IE MBI | B T R R R AR
AHLBTTEH T b SRR RS R, LU Ry i i
PEAHLBTAEHL V0] 22 G000 TR IR iE AR AE S LA

1 #B57EE

1.1 W IXHEAL

B E T R T E R X Y ERX
FEEIL BB sg B4 8 TN AR PATIR A Ae 2210 1 &
BRI X, ML B AL BR A 106°16'48” ~ 106°20'10"E,
29°40'40" ~29°47'N , W5 X N5 RS, o] R4,
I Al SO LARLE IR A SO, BFSE X
P R R I R TR ER A M2 N A E — 45 H NNE
] SSW i ah iy Nl , HERIE K2 7. 4 km, e db
Sitg A SR P& 7K V3 AN B 422 27 19 400 b, 2 7K 38
I E AR AN, DL AR AN (R 4B 45 Bt
BUK Y B AR T AL 13,4 km®. MR
W B R p R R . DR X 24
PIREK & M1 250 mm, 2SR 16.5C, BN &
BUERT 4 ~10 H. A8 2 WA F ek g Ak
(MBS | AZARFAT 45 ) Al ARk (R AR
NCEHA R B SRR, RIERA F8 N A K
+ A KRR KA S DR A =
HFH T R 2 o AR T AR 30% .
1.2 FESLAREE

R 75 A SR T 1) 43 A 45 i, 49 S0 7 b T Y]
) FEZEA TR (A T P58 KA ) R 9T Ak (22

FOEIR  RE) A DAL (L5000 ) Wl T3 R
FEACE ). SREERTTE] S 2013 427 H 31 HAT10 H
25 H,7 HRAEIAR LANG KO0 3 %A B 1010
HRBEIRI AT Ko &, HF el (55
TKIEVE 3 38, SR 5 A 450°C HEAEHIBE 6 h) 3+ FH
YA 2 4 L AE 3 BRCEE KRS, A 1 mL
(5 g-L™") By HeCL, , # I K i E i A=K SR 5
WIS [0 S22 0.7 wm B35S £ 4kt (=5
SRS IR N KBS 4 h) B KRR 2 A A AE FSURE
FHPI Y.

HERE RS ] RFE
3] 95 Al (o] R EHLD
[ =

Bl RERAHTE

Fig. 1 Location of sampling sites

1.3 AR

FESHTRTHIE C b, S W ke, HEE, &
2 BRI AR 9%, W A 2 [E Fisher A F]. I LF
HEf5 ( Whatman GF/F, 3442 0. 7 pm) T 450°C 5
P ThRIRE 6 h, TCKBRER BN (43 Hr k) T 550°C H 5
FrfhRbE 8 b, B E TR R A B B
NERRZ: A M e dhd 72 h S T, B BT R4 .
R FH S e AR 6 WA £ H.
1.4 FERAES5Hr
L4 1 JKFR P A IE AR B AR TG 7 PR $ B

IR PIE LT AENENE (A RALAR 0.7 um) 30K
MIKAEE 4 LA ARR @I T, FE LS R R Tk &
pH <2, 85, (& A s B A AR % (£ H
Horizon /A ,SPE-DEX 4790 ) #H( ( C18 i, 4% 47
mm ,3M A F) , FEHRH 50 mL A0 A | R
Wkt 2 i, BERALE, HIE e B
IEF B FUAR R, SR J5 4 1% . W4, AR E
0.2 mL, AR, BUA —26°C VKA TP AR
1.4.2 EMLEIEFIAG IR 23 A

TER e & R0 R i R 1) A SR B GC-MS 43
(Agilent,7890A/5975C) , (A% £k HP-5MS 41
F(30.0 m x0.32 mm x0.25 pm). S HELis
ALTEN 1 mLemin ™ JERE LR 280°C , FHE 2
FE R WIHATRIE 50°C 4445 1 min J5 LA 20 °C -min =" T



3214 2N 5%

B

36 &

IRZ 200°C , SR 5 UL 10 °C -min ™' Y 3 B THE 2
290°C , PR FF 15 min. JoormabAe, BERE R 1 ul. EI
TR 70 eV, B IR B 230°C. REL A
P, A8 I BRIE AT AT

2 ZR5iFiE
2.1 IAMASIEMBER . IBIIBR B9 A R e

F 1 R ARH T IR I R A IE A e IR 2H

T ], TR SC MR VT RE S P RS IR
FABEIRBR AT AL L Ry 14 ~32. 7. 10 A FESL HiR
fiff 25 1E AL ot K 0 v RE Y L0 00 R 775 ~ 2454
ng-L ™"l 264 ~ 1457 ng-L™", F2{E 5 5] M1 354
ng-L™'F1 667 ng-L~". 7 HFE & i il 25 IE A Se
WP E R 10 HE. B8 2, 7 AR s s
IEMGERE & BT 10 A O FE 5 b i il S A e
i, S BAETE S AL B 10 A Z5R
FAE R 22 I RAE s (=2 7% ) b FE
st FPA R A TE AR Bre e vie J32 W o b T Tl 35 B I g 1 4
SRR TR 22 RN TR S IR IR 1Y
WEES A, 7 AR 10 Feah i i AR 7R i vk JiE
AR AL Y 43 51 A 12 897 ~ 45254 ng-L™', 3186 ~

11322 ng-L7", SF ¥ {5 43 5] 4 242 032 ng-L~' Al
2526 ng-L™'. 5 FRW MRS IEM LRI & A2
FAARL,7 ARG TS SR DT R 5 B4 10 A IS
NEIWIRR & fE . B 3 I A IR TR & B e T
I AIRAS. T LU YRR v 38 ik 2858 105 12 1Y)
S BEAE T T A B R A B 2R B X
LRGSR A IR A B ke 1 B AR T Y
AL DL E R A R AT e R T
A I SRS T K O A . A I
BHERE, 277 70, R ] 7K 1% 28 R A T A A
A= R U il P AR PIL XT‘Z’*%‘@E*’JF
K& MR sTeRIR K. PRI 7 A R

R /0t IS T K Bl /) | X6 7K v i i 2 Eﬁjm
K| MR TR P AR R 5. 10 A BERIHE 22,
MR K RGO XK TP R S IR A R L R DR
WRE MR RAE AR, DL BRI AT RE 2 5307 A
R TR A IEM e Wk B | IR TIR LE 10 H &Y
S PR T 9T v R R 2R o i A AL B
(1 % 7R 240 T 5 B 2 2 e A WL 1 A
LU P s T g eob: AR T By * S U = A (5
I

*1 IE#’]FF‘:EF?D%?%?E*E%T)/nng"
Table 1 Contents and characteristic of molecular indexes of alkanes/ng- 1.~

SiH HIH LF IR LR

7H 10 H A 10 A 7H 10 H
Cl14 32.0 36.3 30.2 8.70 30.7 2.34
Cl15 43.7 17.8 28.2 5.12 19.2 20.4
Cl6 67.4 26.3 52.6 7.11 26.9 7.99
C17 78.5 29.8 71.1 21.9 102 30.8
C18 221 37.3 17.1 14.8 80.2 29.3
C20 459 227 229 26.0 134 41.5
22 243 156 15.6 6.18 31.7 6.81
C23 270 222 55.3 11.7 63.4 21.4
C24 307 228 7.67 21.2 63.9 25.1
C25 205 204 165 57.3 28.5 21.5
C26 206 67.5 19.4 26.5 40.9 8.22
27 220 94.9 65.8 5.93 58.8 34.5
C28 82.7 31.2 12.2 5.92 20. 4 7.31
C29 n.d 60. 2 61.6 45.2 74.3 21.8
C30 11.5 11.8 n.d n.d n.d 2.00
C31 4.38 n.d 1.32 n.d n.d n.d
C32 3.37 6. 66 n.d n.d n.d 0.52

T-ALK 2454 1457 832 264 775 282
CPI 1. 06 2.06 8.28 2.52 1.73 2.54
R/ % 36.77 25.73 51.46 31.72 50.73 47.02
OEP 0.383 1. 00 5.35 1.16 1.07 0.78
Paq 0.99 0.88 0.78 0.30 0.55 0. 66
1) “n. " FRAK H; T-ALK (ng-L ™) FR“ A IE MR SR 5 CPL = 1/2[ D (€25 ~ C31) g/ > (€24 ~ C30) g + >, (C25 ~

C31) g/ D (€26 ~ €32) gy 15 RFR" D < €20 G BbLAY T4 1L 5

C25)/(C23 + €25 + C29 + C31)

OEP = (C21 +6C23 + (25)/4(C22 + C24); Paq = (C23 +
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Fig. 2 Distribution of total dissolved alkane contents
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Fig. 3 Distribution of total dissolved fatty acid contents

) 32.90% ~68.91% . B7 HZEZRRTMER R T

BSFA (TR AN SCHERR TR ) 1A% & tb PUFA (2 A1 A1

BT ) = A, 45 Fh i o 8 A b T 0] v ) 5 2 R/

IR FE: SSFA > MUFA (B R FIAR R ) > PUFA >

®2 FBEFBRIERBASHIER" /mg- L

Table 2 Contents and selected ratios of fatty acids in water samples of Qingmuguan Ground River/ng-L '

5iH Al EX YAl LRIR
7H 10 A 7H 10 A 7H 10 A

BSFA 2 465 449 760 55.1 159 75.2

MUFA 14 528 2910 3763 818 4480 807.20

PUFA 13 804 482 670 126 1261 132

SSFA 14 457 7 481 9115 2247 6954 2159

T-FA 45254 11322 14 459 3259 12 897 3186
UFA/SFA 1.67 0.43 0.92 0.41 0. 81 0.42

1)BSFA RoR“HIASZEEAR IR " ; MUFA 3R “ URMEAAR VIR " ; PUFA R “ Z AR IR ; SSFA K78 “ 1A ELBENR TR ; T-FA
(ng-L™") R “JRITIR & Bkt 5 UFA/SFA 7R “ AR 2 -5 10 A A 10y 2 () L (6

BSFA (1 FNSCEERR TR ) -

MR 2 FroR £ B B 0 B 7E b T e 1) i 7 3 2
RS B R A T AR RFEML. 7, 10 H BSFA
F1 SSFA ¥k BERE % b T Iis A R B i B ¥ 2 F
REass 7 H 5 550 0 il R R 192 465 | 14 457
ng- L7 /DF] 75, 2159 ng-L7", 4y Wl > T 44
96.95% ., 85.07% ; 10 H W H 7>k #7481, 2910
ng-L™' N %2159, 807 ng-L™", 435 F T 24
71.13% . 72.26% . BSFA Fl PUFA [#) & & 5eib T i
WERAL TR, 7522 5 SR A SO T n AR S AT 4
TR AR Ak . ARG 5 B2 (unsaturated fatty
acid, UFA) TEXE iR M 22 AR 25 5 W e it i i
FHE W B2 (saturated fatty acid, SFA) 7EFR35E A | A
XPREE B LA UFA/SFA BOAE ] LL3E 7 N8 W5 1R
IRRfRAREE ™. 7 H BE T UFA/SFA (HBEE T
b Bea A SN B TRV 04 N = o = O O YA

0. 81, fib 7 HH b Yo7 i A 1k g 7 7 A b VT f) i
M A A T W A%, 10 H BRI R 7E 1L T
TR R FEEE (0. 41 ~ 0. 43) A, {H S AR 5 A 72
JEEE T T AL — 5, SR i R AR & ik T
WZATSC & kA T i 2 MR, 5y — 5 1, D)2
10 H BT RA0E LAY, 78 2013 4 10 H R AL
), KA VAREE TR oA T, i 25 10 5 T i 45 s ] v i
“EIK W TR AR R KA R Bk
() RS, FETE A ] 2 /i, 50 TR E R
PURL, 0 I iR 2B VA gk | TEOKIA 45 Rk A
VAL DN I 8 T %5 e 25 Bl 10 A b ] 1438 % 2ok
A B A W R
2.2 WHMASIEMGERE | BER ISR IR AT
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C12:0 0.45 1.65 1.27 0.96 1.19 1.63
C14:0 4.11 6.92 5.97 3.20 4.50 5.35
C15:0 1.65 3.92 3.63 1.99 1.81 3.53
C16:0 18. 08 35.84 34.97 37.14 30. 98 40. 50
C17:0 0.51 1.10 0.77 0. 80 0.54 1.08
C18:0 3.96 10. 90 13.05 17.97 10. 21 10. 60
€20:0 0.59 1.27 0.76 0.82 0. 81 0.90
C21:0 0.42 0. 80 0.53 1. 80 1.16 0. 65
€220 0.94 1.40 0.75 1.82 1.25 1.36
LR S B T R
MeC14 ;0 1.27 0.98 0.38 0.23 0.33 0. 40
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BN AR T 2
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Cl16:109¢ 6.88 7.49 10. 38 4.63 5.16 8.23
Cl16:1w7c 5.37 0.00 0.00 0. 00 6.94 0. 00
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C18 ;1 w9t 13.50 6.48 8.23 7.66 14.23 7.79
C18:1w7t 0.58 1.22 0. 64 1.71 0.48 1.27
Cl18:lw7c 1.12 1. 68 0.65 0.91 1.92 0.76
C18:1w5t 1.43 2.88 3.82 5.55 2.18 4.10
€22 :109¢ 0.44 1.30 0.53 3.82 0. 84 1.09
EZN R
C16:206,9 2.36 0.00 0.04 0.04 0. 60 0.02
C18:206,9¢ 13.24 3.03 3.15 61.37 5.56 2.87
Cl18:2w5,8 0.12 0.00 1.06 0. 87 2.40 0.79
C18:303,6,9 13.50 0.00 0.00 0. 00 0. 00 0. 00
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