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Spatial-temporal Characteristics and Driving Factors of Greenhouse Gas

Emissions from Rivers in a Rapidly Urbanizing Area

LIU Ting-ting'*, WANG Xiao-feng'>* , YUAN Xing-zhong'>>* | GONG Xiao-jie">, HOU Chun-li'”

(1. Chongging Key Laboratory of Wetland Science Research of the Upper Yangtze River, Chongqging 401331, China; 2. College of
Geography and Tourism, Chongqing Normal University, Chongging 401331, China; 3. State Key Laboratory of Coal Mine Disaster
Dynamics and Control, Chongging University, Chongqging 400030, China; 4. College of Resource and Environmental Science,
Chongqing University, Chongging 400030, China; 5. College of Life Sciences, Chongging Normal University, Chongqing 401331,
China)

Abstract: Rivers play an important role in greenhouse gas emissions. Over the past decade, because of global urbanization trends,
rapid land use changes have led to changes in river ecosystems that have had a stimulating effect on the greenhouse gas production and
emissions. Presently, there is an urgent need for assessments of the greenhouse gas concentrations and emissions in watersheds.
Therefore, this study was designed to evaluate river-based greenhouse gas emissions and their spatial-temporal features as well as
possible impact factors in a rapidly urbanizing area. The specific objectives were to investigate how river greenhouse gas concentrations
and emission fluxes are responding to urbanization in the Liangtan River, which is not only the largest sub-basin but also the most
polluted one in Chongqing City. The thin layer diffusion model method was used to monitor year-round concentrations of pCO,, CH,,
and N,O in September and December 2014, and March and June 2015. The pCO, range was (23.38 +34.89)-(1395.33 £55.45)
Pa, and the concentration ranges of CH, and N,0 were (65.09 +28.09)-(6021.36 +94.36) nmol-L™" and (29.47 +5.16)-
(510.28 £18.34) nmol-L~", respectively. The emission fluxes of CO,, CH,, and N,O, which were calculated based on the method
of wind speed model estimations, were —6.1-786.9, 0.31-27.62, and 0.06-1.08 mmol-(m*-d) ™', respectively. Moreover, the
CO, and CH, emissions displayed significant spatial differences, and these were roughly consistent with the pollution load gradient. The
greenhouse gas concentrations and fluxes of trunk streams increased and then decreased from upstream to downstream, and the highest

value was detected at the middle reaches where the urbanization rate is higher than in other areas and the river is seriously polluted. As
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for branches, the greenhouse gas concentrations and fluxes increased significantly from the upstream agricultural areas to the
downstream urban areas. The CO, fluxes followed a seasonal pattern, with the highest CO, emission values observed in autumn, then
successively winter, summer, and spring. The CH, fluxes were the highest in spring and the lowest in summer, while N,O flux seasonal
patterns were not significant. Because of the high carbon and nitrogen loads in the basin, the CO, products and emissions were not
restricted by biogenic elements, but levels were found to be related to important biological metabolic factors such as the water
temperature, pH, DO, and chlorophyll a. The carbon, nitrogen, and phosphorus content of the water combined with sewage input
influenced the CH, products and emissions. Meanwhile, N,O production and emissions were mainly found to be driven by urban sewage
discharge with high N,O concentrations. Rapid urbanization accelerated greenhouse gas emissions from the urban rivers, so that in the
urban reaches, CO,/CH, fluxes were twice those of the non-urban reaches, and all over the basin N,O fluxes were at a high level.
These findings illustrate how river basin urbanization can change aquatic environments and aggravate allochthonous pollution inputs such
as carbon, nitrogen, and phosphorus, which in turn can dramatically stimulate river-based greenhouse gas production and emissions;

meanwhile, spatial and temporal differences in greenhouse gas emissions in rivers can lead to the formation of emission hotspots.

Key words : greenhouse gases; rapidly urbanization areas; polluted river; spatial-temporal characteristics ; influence factors
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FIN, O AV AR IE (c.) ).

Sa = CW/CS (6)
c, = (e, xV,+axe, xV.)/V, (7)
c, = aXce, (8)

xS, FaRKE CH, FIN,OWMIEHIE (%), ¢,
FRAKAK CH, FIN,OW&JE (wmol - L") 5 ¢, /KK
CH, FIN, O FIVAf#EE (wmol - L") 5 ¢, & T 28 -1
AR FE LS TR 25 SR Y CH, FIN,0 /9 15 500K
(pmol-L~") 5 V, BRAMRIHELE T N, A
(L)5 V, AHRBER PO BAETL (L) 5 o A IR
ZH(mol-L7").
1.5.3  K-A AR E SR HEBGE R

L PR R — PR R AR R I K
ARG T2 0 U 5 o I 2 A3 B K /<0 3R T 1) A A 5 e ik
Rk, B2 N K AR = AR HE RO R
(s BTG R O A SR T S K A
5 FIR R E MM 22 DL R SRS e 28K
S R B | i, KSR R m, W
VL BE % 1 Y 3 - XU R RO AT 0 AR 5T
IR GRS R BRI

(1) CO, HElGHE % ( FCO,) 115
FCO, =k, x (K, xpCO, , - K, x pCO, ,) (9)

ky, =2.06e"7"0 x (S /600) 7 (10)
S.-CO, =1911.1 - 118. 117 +
3.4527T7* - 0.041 327" (11)

K, FCO, F/mHEM R [ mmol - (m*-d) ~' ]; K,
JE CO, TERAK TR EL; pCO,, il e H 7K A4
CO, 4+ F; pCoO, 485 KA FMmt iy co, 40 &
(38.38 Pa); kg WAUASCHRE (m-d™"), R
FEVA IR - KGR 32021 5 S -CO, Ry T I
TG B U SRR 125 10 m Ab 4R P-4
K (0.95 mes™"), T AHSLMIAKE(C).
(2)CH, , N,OHFHGHE A5

F =kyx(c, —c,) (12)

ky = 1.58 x "0 x (§./600) " (13)
S.-CH, =1897.8 - 114.28T +

3.2902 7° - 0.0390617°  (14)

S-N,0 =2301.1 - 151. 1T +

4.7364 T° - 0.059431 T° (15)
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X A5 . PRI T A DX IR i

2 VAR B I 2 R R K 5 P 3 2831

X f, F E & CH,., NO H jk # %
[ mmol+(m*-d) '], k, M CH, . NQOE/‘J/‘:\AZ':fé}ﬁ%%
B, AW by R R ST Y R 2 - XU A5 B 47 A
L HAM S BT R B CHE PR (6), (10)
(11).

IR TG BUAE I Excel #H73H5E, SPSS 19.0
WA, A WEE MK P <0.05. &
JeXd T BB A 1 DA R 2 AR A T RS S
AKE ;. S BIFTEIR 2 SRR | HRRCH & 52
A2, R Pearson #1550 #4852 0 25 A0 2R
BER 5 FH PR 723 B o) D ey R 5 A0 a4 A7 et 43
Pr2 U B A T e ira AN 5
TR SRR B Al i 1T 2 e A8 mLH A, iR
FIREE K X 2 SRR I . AW 58 T A
% A Sigmaplot 12. 0.

2 HRE5HM

2.1 JKARERARME
PRERT T RIS R s 2RI 1.
WP 45 A W S KR AN pH (B 28 8] 25 558

= AETE AR 21.3°C F 7.8, BIER T %
TR AR L R AR S Y AR {3 L 366 ~ 1105
pSeem ™' MEEE a JRKIRE IR Y 24
A, SIETE3. T ~41.8 pg L7 2 E) g, 250
S, HAp R iR AR K, T
AEFRBIE N 17.8 pg- L' MR IEEERN 4.0
~8.2 wg L7 AEM(H 6.1 pg-L™", Tl 2
3 AR IAE AR, Sty S N I 1) T i
. TUiKEE TOC Fl DOC HeFE A b F 463 K g
IR S T ARG K, S A i T 2
B0, A N DA AR v 7R 3T Ak K T AR R P K
REEIFPRZE B, W N KRS F R 8 Ar Rl e
AR EWA R (E 2), B S5 Pk
Bl VAR 34 S BRI T T K 1 A v 1 X I

2.2 pCo, F1 CO, HEE &

2 W7 I K AR 4F 1 pCOo, Il (188.28 =+
146.07) ~ (764.08 +450.89) Pa, J& K< CO, A1
WY 1.1 ~31.7 £, &R CO, e[ &l 3
(a) ]; NFEELIHAMAK pCO, KNI AR
[(439.76 +43.64)Pa] >[R[ (418.00 +43.80)

R RIS BT E KB R T HE

Table 1 ~ Annual average of physicochemical properties in the LiangtanRiver basin

. Tt PR (ZESE
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 1 2 3

T /mes ™! 0.6 0.7 08 0.6 07 1.1 08 09 1.0 01 02 01 02 02 02 01 04 02
ki °C 20.7 20.9 21.2 21.4 21.9 21.1 21.7 22.0 21.8 21.2 21.3 21.1 21.3 21.4 21.1 21.4 21.1 21.2
pH 83 7.6 7.4 7.6 7.7 82 81 80 80 7.8 7.6 7.8 7.5 7.8 7.8 7.6 19 17
HL§%/pS - em ™! 366 494 787 1105 897 852 852 814 858 731 680 679 863 992 888 758 922 977
M4k a/pg- L' 46 6.7 55 7.4 19.9 36.0 21.8 15.5 16.8 23.5 21.3 15.5 41.8 26.5 20.1 3.7 19.4 13.7
DO/mg-L " 7.2 5.4 43 40 63 82 82 68 71 66 7.3 66 41 64 48 69 49 4.3
DOC/mg-L ™! 12.7 19.7 40.1 34.4 57.7 42.6 32,3 25.4 35.4 14.2 15.3 22.6 33.0 35.4 359 23.4 31.3 39.0
TOC/mg-L "' 21.6 31.1 56.3 56.2 73.9 63.5 46.9 43.9 59.6 21.1 25.2 42.0 41.6 51.8 61.4 31.7 73.3 68.0

Pa] > TWi[ (365.69 +44.88) Pa]; 4 Wil b i 7k
& pCO, M EFBE (P <0.05), TiiHE LiiF
pCO, JeH R IEAL, H R I T X5 &
B M s A R B2 B g e (P <
0.05). &Kk pCO, 4 H i RAE H BLTE IR
AT [ (764. 08 +450.89) Pa ], fi/IMEA T
T EI[ (188.28 +146.07) Pa]. &Kk pCO, Ze 57z
(P <0.05), RIMFE] (689.87 £53.39)
Pa] >4Z%[ (388.69 +45.29)Pa] > H Z=[ (324. 47
+45.19)Pa] > % Z=[ (178.86 £33.39)Pa].

BT pCO, FSAR S R AL £y (2.55 ~3.89
em+h ") THE KA CO, HERE 25 R
—-6.1~786.9 mmol-(m’-d) ~", BEHEZETH L Wim
6 F1 7 I GAAES, HABI HIEM ; 5KiK pCO, M
AL, W A AR CO, R R

[(182.49 +127.
[(179. 46 +174.
[ (168.95 +159.

86)mmol-(m’-d) '], FRIEWMIKZ
48)mmol -« (m*-d) ~' ], GERMET] /)N
78)mmol- (m’-d) 7' ]. Al

WS AL S pCO, AL, T SRR TE I
A T-85 v TAT Be e A B SR 1Y) CO, HETCIR [ 1A
4(a2)]. T, SZHKME CO, HEBGE # [ (374. 8
+182.5)mmol - (m’+d) =" ] W3 & T HABLE T (P <
0.000 1), Zh% BN 3 HEMEEN S 5[ E 4
(al)].

2.3 CH, WREEF CH, HEmGH &

ST 5 W BT T K A CHL, Wk B L
(65.09 +28.09) ~ (6021.36 +94.36) nmol-L ™",
Kb B AR A BE Sl 1377% ~ 177 627% , - ¥ ik B
(858.36 £69.20) nmol-L ™' [ 3(b)]. /K{k CH,
Wl 4RSI H B K W [(1557.44 = 740.99)
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Fig. 2 Spatial variations and seasonal fluctuations of nutrients at the sampling sites

nmol - L.™" ] > FEEE[ (908.30 +511.53) nmol - L.™" ]
> FHi[ (592.05 +283.61)nmol-L™"]. F i CH,
WRE N _E i ] T Ui S S S R0, R DX T T 2
~5 Yy R SRR CH, B 24 ) 36k
M 7 B FER (P <0.05). FMER 1, 525
CH,, & B e RAE S H AR 38 T A AT B 3 0 R 2 38
SRR I 3 78 30T A K P B A A W 1o (T3 6
~8 . JRIZIW 1 FN2, BZRI 1), /KA CH, WeEEH
k. CH, W ZW 3 K, JWHIH (359.95
38.74) ~ (1740.02 +79. 12) nmol-L~", {HY pCO,
ZAEORTR], FZ=[ (1740.02 £79. 12) nmol - ™' ]
BEBHTHAMZET (P<0.001), £ZE[(749.02 +
71.37) nmol-L™' ], Fk Z& [(584.41 = 69.58)
nmol-L™' ] B 3 & F H % [(359.95 + 38.74)
nmol-L™'].

T WA SR BBk M 3.77 ~
5.44 em-h~', FIFHBUZ AR CH, HERGHE &35
FEl A 0.31 ~27.62 mmol - (m*-d) ~", = KA CH, )

FREe IR, A CH, HERGHE &4 R
[(7.21 £3.42) mmol+ (m*+d) ~' ] > FRIEEW[ (4. 15
+2.28) mmol-(m*+d) '] > T [2.77 = 1.37
mmol - (m*-d) 7]y 4 i 3k HEHGE B 25 B
CH, MeBEAIMLL B 4(b2) 1. RAFHRGE &5 i
[(8.01 + 6.89) mmol-(m>-d) "], EH & ik
[(1.79 £1.15) mmol - (m*-d) ' ], k. &JE[ K
4(b1)].

2.4 N,OW AN, OHECHE &

Wik Y N,O e BE I R OM (29.47 £5.16) ~
(510.28 £18.34)nmol -L ™", X} FIEE N 457% ~
7527% , ¥ E M (133.66 +15.67 ) nmol +L™!
[E3(c)]. KIEN,OMFEF-IH BT [ (167.45
15.83) nmol - L' ] /& TH R [ (143.49 £ 16.31)
nmol-L "], FEIZM[ (78.05 £15.13) nmol-L ™" ] 5
sy RN LR T, KRN, O MRt 3R Bk 5
WG AR, H 4 ~6 Wi 32 T Hot by
[ (P <0.05) ; FEIEI FI G 7K AR N, O ¥ B 25 1]
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Fig. 3 Spatial and temporal distribution of GHG (pCO,, N,0, and CH,) concentrations in the water surface of the sampling sites

Ma—3, B LW FifEE (P <0.01)3m, —
B YIAEIR T DX T ( PRI IR 5 R 6, RS IE T IfT
2 FI3) B KA. N,OWEZF AR LA 3 (P
>0.05), &ZEm e T HA T

HF ky(2.01 ~3.03 em-h ") HE N0 HE i
HILFE N 0.06 ~1.08 mmol- (m?-d) =", 4E 118
H(0.32 +0.21 ) mmol - (m*-d) ~']. VN R as
[ AR SRR R, T 4 ~ 6 Wi AN, OHERGHE & %
e ORI N HABBT IR (P < 0.05) [ 814 (c2) ]. [AlS
AR RN, OHEBGHE 1 2= Ml s A i 3 (P >
0.05)[E4(cl)].
2.5 EmEEST

TA] A AR ek A v B AN i 52 2 b A
P52 02 AR Pearson AHIEM M (£ 2), /K
& pCo, fil CO, MR H5KEE R FIEME(P <
0.01), 5 pH, WL M5 K a, DO, DTP L J
PO, S HMIFE(P <0.05). /KI& CH, ¥ER CH, 18
HERZAKEGHE TR H5E a, A (TN, NO,,
NH," ) . # (TP, DTP, PO, ) . B (TOC , DOC) ¥4 i
FARKZR (P <0.05). KRN0 EFIN,0iH i 5
AR AL, SR E A (P <0.05), Wk 2.

XF IR R - AT O oA, ORISR 4 AR
g7, BIMEREITA IR AS 0 74.21% (£ 3). £
RO 1 iR IR R AR H Y 46.834% , 5 TN, NO; |
NH, . TOC, DOC. TP, DTP, PO, FlHL T IE
K, RAEKMKZ V5 YR F 57 2 B TTER R Ny
15.045% , 5 pH, DO FIMF4R 3 a IEAHOG, FAFK
WEBEFASAEARG ; F T 3 R B 5
1) 12.334% , AUZKIEES. KRR 3 4> ED
Vel B RS pCo, F1 CO, HERGE & . CH, %M
HERE & | N O AR E 55350 #1472 018
BI04 (£ 4), pCO, A1 CO, HEMGE &5 F W5 2
A>3 WEHIE(P <0.001) ; CH, ¥ B Ak
WS ER 1 BEMHK (P <0.001), N,OWEF
Hetom 25 3 A E MR A .

3 itig

3.1 BRI A DT I = AT AT TR A I s
2

IR i R T A NG < IO 2 N
BN U L 2 BT TE, A AR TR
IR BRI B AR st A o R R A W AL BT AR
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Fig. 4 Spatial and temporal distribution of GHG(CO,, N,O, and CH,) emission fluxes in the water surface of sampling sites
F2 EETRETRKEBESE (pCO,, N,OF CH, ) iRE, BES KN ARELTE EH Pearson X"
Table 2 Pearson’s correlation coefficients of GHC (pCO,, N,O, and CH,)
concentrations, fluxes, and environmental variables at the sampling sites
7K ik pH SR Mg a DO TN NO;  NH; TP DTP PO}~  TOC DOC
pCO, ro0.352" -0476" -0.095 -0.291" -0.347" -0.038 -0.019 0.143 0.064 -0.210 -0.261" -0.023 -0.029
P 0.002 0. 000 0.429 0.013 0. 003 0.753 0.872  0.230 0.592 0.076 0.027 0.845  0.812
CO, & r 0.496 " -0.447™ -0.136 -0.264" -0.310" -0.090 -0.088 0.092 0.015 -0.261" -0.296" -0.002 0.007
P 0.000 0. 000 0.254 0.025 0. 008 0.452 0.463  0.440 0. 899 0.027 0.011 0. 985 0.956
CH, Wk r -0.169 0.034 0.575* 0.288 " -0.092 0.717* 0.646™ 0.571™ 0.634™ 0.615™ 0.705* 0.391" 0.334™
P 0.155 0.779 0. 000 0.014 0. 444 0. 000 0.000  0.000 0. 000 0. 000 0. 000 0.001 0. 004
CH, r -0.084 0.025 0.547* 0.301* -0.116 0.706 " 0.627** 0.573 ™ 0.622™ 0.593** 0.688 " 0.414™ 0.358
P 0.485 0. 837 0. 000 0.010 0.333 0. 000 0.000  0.000 0. 000 0. 000 0. 000 0. 000 0. 002
NOV & r -0.181 0.074 0.305* -0.132  -0.015 0.211 0.168 0.389* 0.118 -0.115 -0.019 0.269" 0.251"
P 0127 0.535 0. 009 0.268 0.904 0.075 0.158  0.001 0.323 0.336 0. 875 0.022 0.034
N, Ol r 0.024 0. 049 0.244* -0.117  -0.066 0.168 0.128 0.385* 0.077 -0.174 -0.073 0.311* 0.284 "
P 0.842 0. 681 0.039 0.328 0.581 0.159 0.286  0.001 0.518 0.143 0.542 0.008  0.016

1) # FORBBRIGALE 0. 05 AT L@ EMI, + + FIRBUBIRTE 0. 01 /K7 L B A
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Table 3 Principal component analysis of river water environmental factors in the LiangtanRiver basin

K ik pH  HS%E MH&ZFa DO TN ; NH, TP DTP PO}~ TOC DOC AR/ %
FA4r1 -0.040 0.022 0.137 0.077 -0.018 0.156 0.134 0.125 0.135 0.130 0.134 0.115 0.113  46.834
FRWAF2 -0.003 0.422  0.025 0.260  0.389 -0.033 -0.080 -0.084 -0.171 -0.063 -0.059 0.158 0.194  15.045
F4r3 0.502 -0.071 -0.066 0.053 -0.290 0.011 -0.012 0.147 -0.105 -0.205 -0.171 0.301 0.284  12.334
R4 EMERRHETR KR ES AR E RS THINEE
Table 4 Prediction model of GHG(pCO,, N,0, and CH,) concentrations and emission fluxes in the Liangtan River basin
i H mYEgE] ARG R B (r)
pCO, y=3915.546 —1123.322 x (FMS32) +1050.331 x ( E53) 0.569
CO, HEGm & y=174.711 =55.051 x (FJE52) +76.417 x (F573) 0. 595
CH, ¥ y =858.362 +700. 419 x ( EW4r 1) 0.723
CH,, HEJ3GH = y=3.970 +3. 147 x (£ 1) 0.712
N, O fE — —
N, OHE il i & y =0.321 +0.057 x ( £ 3) 0.277

g, 2 RN FEIRIE T & e KI5 K HERCA R, R
P 05 10 e W 3 11| Bt R N N~ g
Bife gt X 2 ) th BB 3w, PRI KA
TN AR X 3R Y A Al DX b 2, K s
PR 1 AEL2) . PR Pl R AR PR . K2Rk
BRZAF S IR X AT K A TS K BLHERO S . I
X R A . A i A G, R K AR
A Ak AR, AT R A A I 3 R Co, . CH, Al
N, OB 7= A 2020 Ak | 3l Tl A 16 35 KR AE 77 I
K AT B R CH, SN0 7 iR RS
ORI 5 TR T =

ARG, WHKAAR pCO, . CH, FIN, 0% 77k
JEF I SR FU A 25 (8] 22 50k, FEAS ) b 575 Yy 67 o
BEEERE W& (K 2 FE 3). Fifikik co,. CH,
FIN OV B D ) i 2 S 18 R s DN, 15
Y7 a4 0 HP L T B 2 i TS Y S R A
TUERBL; SRR BBl X A TR T X 2
Rhneas. TR, 52BN KR
TR A DX ARt XS g
IR > 20 25 4y () o S 0 9 205 SR — 3, X S 5T
PN Ry 3 i ¥ K HE i S B0 R 2 AR S v
. ABEFEA AT I 45 SRt — 25 R, 5 i
TR, W SR T (R 2). APPSR,
YT IE K K AR A K B ALY, KRR E
SR = A R R Yu 5 B 5T A
WAL B MK R NO; FI NH, R,
T PR AT SN, O HE O 3 8 5 4 A5 25 i IiF 5
FW], 35 Y AR K AR B DO R NH, kB
WEr, AT CH, FIN,07/%4:; Wang %5 s 7k
5 RIS, ST IR DR AN, O 7 A R
T AR, K ARG YRR R, DL

PRI & S HEBGE B, [ B, Hu 55
FENN, T V5 7K HE 50T 0 2 U 2 A HE s A
S, TG A Al T R R R Y iR U 1
AT R TEAR AT TR A AR B P R A A
A 5 KA Tl K B R i 2 AR E A K
A ; Marescaux AU B W 9Y L 22 , SRR K TR
TR A U B I B U K AR L SR A5 T
L, ST ) R AR HE IR AT I A A
JELR AR 3 B 2R Al 7 52 B SN IEA: TR R A
SR s (2% e ViR B IR 28 A 1 I T 95 K e
AL ARSI A SRRETT A P K Tl e AR
SIS AE W] AT IS K EHER RS, K IAEAL
W, PRI & SR R AR e s [RIRE, TEJR
BRI WA 500 SO A AL S 3] T 30k, BERER
b T I R S A TN S I A o N 2/ R i
D, R 2 AR B AR ] W ki
P, 5 KHERO e BOK AR % A HE L S )
MR B R 2R

T T K A& pCO, . CH, W A7k % B A
RIZE TR, N OWEE T T 22 5 A (&1 3).
pCO, BEMFEHFEFMAMA. X5 KL EHFAY e
JINEHRFEZE IR — 50 R 5 KB di i i pCo,
FAREEONHR . FRFFER, W CO, W S
AR AL A7 B R T AR 2 BT
. B, SBUKIKIEAL CO, 7 A B ik 1 45
IR0 A2 4 CO, Fifi i 2 A2 U A Fh it ) s A3,
AT FE K Z Kk A pCO, feim. IR, H R4S
SR, AH R Y IR) 34 25 A T 1) A AR A8 Y
FHUKMAR 3 B 5 AR B RR. TR FE K AR
pCO, Feflk, FE G Al fE 2 F =RER /N, [l
CO, i AFAR s RIS T X35 Y ™ i, KR 5
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RS, BRKERE, BERICEEY, mefl
3 Co, ST EEH, BERRKE pco,™ . K
TLFRIBOKIR pCO, thBA MR FE R 0 A
W5 CH, IKERFER T, RERIK, FFEHER
ZEf4) 5 f%. Guadalete River i) CH, ¥ 2405
PERRI? . HE RN, EEKERE, BRE
B, I RAEREMIET 43, B ca,™, nz
[ s 7 ZR R I /D, i R A58y 2 555 PR e i 3 v 1 L
Ry, ARG CH, W 2 45 oy AR A 2= 1 e
FEIFHN T HFAKE R KU BEWA. X
NLOWRBE 15 AN B 3, (HA Mg i T HA =y,
Yang %6 A 58 B RIS 8, 7T WK A% 77
NLOBRIT i IR 7™ A 41, AT Rl A 3 3k i Vs 7K B 4
B TR 2 00T 3 i e
3.2 Pt Ak DO R = A AHE RS R )
¥

TR KA B AL BRI S 0 A AR AR AR A A
NSNS G S N 1A TR TR S N
SARHERCS 2546 Jmy. ARBIFSR v 3 il A AR I
HEl 5 /K BREE R Z AR AE — 5 B AR DG, (H OG5
WS RAFE LR (£ 2), RFEGEIM AL
AT G, SRSy H AR A > AR
t pCO, M i 5/KK TOC 1 DOC AH KM B3
57K, pH, DO FIHLR 3 a & AH PR R 0R.
F L R AE T R K A 7 15 e B B, 4 ik
K& TOC, DOC & EBm (R 1), A KA AR
R 25 5 B BRI 5 B R i K A B A 4 AR e
R A BE S AR AR AR T HILAR A 2R, 7 ST T R
CO, HEMC P BAT S 22 pH H R K
PARBRR R 15 1 228 K AR pCO, , 33X AE K 20w
T P Y AL T R R,
pH EZL I KA G S TC ML 19 8h &P, 4
pH >8 i, AKIKIFE CO, FEfb kiR, 2 Co, W
WOTRZS . kT K HE R S B0 RUK AR | AL B
T R, SRR A R, BT co, 7
A1 DO BIHFE, PR KR 43 B 5 T KK pCo, 5
DO A —E MIAHSE IR 240 ARBIE 5 v G2 e ]
T SCIER AT B H PR A E R Rk, TR
FEHE KO AR FHRE IS BRI R 2 KRR AE 1Y
CO,, HIVAENT 3R a & B 0 BT i (e 0 2R
Z) KA pCO, B FEAREL AR T KA Ak B, 1
L CO, Wik, Xt pCO, 75 sl K By 2 R 1.
VEAMBEAE R K AR & 38 SR ARBR I R -, oK AR 3 R %
PIAASE ) ARBFSE pCO, Kol Bt 5 375 e M ol ok 38
AR R (F2). Fik, WiifkEm T,

TWFLKAR pCO, B HAHE O B A 52 A V522 K PR,
15 A AR g AR A .

ARG KR CH, e Sl i Sk . &, Bk
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