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Characteristics and driving factors of N, O emission from different waters in a

small watershed of the Western Sichuan Plain

DENG Ouping, TANG Qichao, YE Li, DENG Liangji "
College of Resources, Sichuan Agricultural University, Chengdu 611130, China

Abstract: Nitrous oxide (N,0) is a powerful, long-lived greenhouse gas that should be monitored and reduced under the
Kyoto Protocol. Aquatic ecosystem in small and human-impacted watershed, including river, reservoir, fishpond and ditch,
is the vital area for biogeochemical cycle of nitrogen as well as the important source and sink for N, 0. However, flux,
seasonal patterns and driving factors of N,O emission from different aquatic ecosystems are still unknown. To help address
this knowledge gap, monthly flux of N,O emission from different aquatic ecosystems were measured from June 2016 to May
2017, and driving factors of N,O seasonal emission pattern were researched by Cluster analysis and Pearson correlation
analysis in Xihe watershed, west of Sichuan Province, China. The results show that annual flux of N,O emission varied from
different aquatic ecosystems, which were ranged as follow; ditch ( (52.68+36.09) pg m™ h™") >urban river ( (34.16
23.97) mg m > h™") >fish pond ((29.03+31.41) pg m™> h™") >rural and agricultural river ( (8.32£28.60) and (8.52+
9.43) pgm ™ h™") >reservoir ( (—16.45429.76) pg m > h™"). Ditch, river and fish pond, which were influenced by human

E&WE : EHRXARFERESTEINH (42007212)
e7s B #1:2020-04-29; ) £ tH iR B 3 : 2021-07-24
# WIRAER Corresponding author. E-mail ; auh6@ sicau.edu.cn

http ://www.ecologica.cn



9306 JAE = 41 4

activities, were sources of N,O emissions. While, reservoir, which was hardly affected by human beings, was the sink of N,
0. In addition, seasonal pattern of N, O emission varied from different aquatic ecosystems. Mean N, O emissions during
summer were higher than winter and spring in agricultural river and ditches significantly ( P<0.05). While, mean N,O
emissions during winter and spring were higher than summer and fall in other rivers, fish pond and reservoir significantly
(P<0.05). Finally, the aquatic ecosystems were divided into four types in terms of seasonal patterns and drivers of N,O
emission. Agricultural river and ditches were the type | aquatic ecosystems, and their seasonal patterns of N, emission
were driven by meteorological indicators and agricultural activities. Rural-urban rivers and fishpond were the type Il and type
IT aquatic ecosystems, and their seasonal patterns of N, O emission showed weak relationship with precipitation and
temperature , but were driven by rural-urban activities and aquaculture management, respectively. Reservoir was the type IV
aquatic ecosystems, and its seasonal patterns of N,O emission had negative relationship with temperature significantly ( P<
0.05) , suggesting that it was driven by meteorological indicators. In this study, the type I aquatic ecosystems (agricultural
river and ditches) has become the most important source of N,O emission, and N loss control during agricultural activities

was the most important measure for N,O emission control.
Key Words: air-water interface; N,O; flux; drivers; temporal variation

AL A ( Nitrous oxide, N,O) S 5 AP ICRE 5 H0 R I 12 Wk 100 7600 1) 9 140 1l 2= 00, AR N, O KA HR JEE 478 /)
F S ALBR ( Carbon dioxide, CO,) FIH %E( Methane, CH,) ,{HEA i & B4 IR0 ( HBE IR e CO, 1Y 298
5, CH I 12 %) 0532 RS2 A BIRFE T 34k, 2 AW A= s m, KA
N, ¥k P Fpeti K | AfF 78 BT 260 4F K N, 0 I K 19% , Hoh AR HER &5 31 35%—45% ", T4k, A
N, O B 38 s of i) 4 BRAE IR 25— R AR BT A A G R T AT R IR A e

Z NFEFEMA )/ NI AR ARG A G K A FNVA S A5 | RV Bl 5 7K B8 SR T | fig it 23S ik
14 T TE , R R A Y R AL 0E IR 43 6 BR A S Xk, B2 N, 0 IR AL ARk &
B, TSN B, anfoll & 2l Ik HETS I TE A A SR AE ) R IR Bl AN [ K AR A N, O HE
WCRFHE & AR AR BN R HAl, BIZE AT Shxtk A A 2B R S8 N, O HERCAY S i iF ot 32 245 vh 7 ik i
R J& ARV IE B | - A AR ALK SC T AR HE R A M Al 6 Sk Al YA S HE AR R LA K
K TR N TR SR s > A T, B R S K AR B — | RUR [R5 22 (8] R A 1 A A%
A FRRRAE 1 22 5, (A AN [RIZKAR G N, O HEBCRFIE K s mi PR 2 ME AT EL , 18 A B X —AS /N U R (1) 2 Fif
IKAR N, O HEBCRRAERT LUASE o % LU IR]— /N 30 22 Bl oK AR 9 1 28 SR HECRAE , A B TR R DK AE A S R
Gei &= SRHER I PLR X o s K AR AR 2R R Ge i & ARG S HE S B — o NS P S

JUPE P S 3 ] 74 i o i B (R AR AR 7 X A 2 PO S A R T AR I, DX N 11 %% B2 R 500—1700 A/
km® , % NG SR Z] S AR, LRGER R A% U A DG JER 26 57 X K JEE 9 Sk VA | 8 % J 00 3k i sk
WAL, 3 A 7 PG SR JR 10 X Tl Ak A 22, 25 N PG S T/ N s N i K A AR 2 R ek R T 4 & 1ok
TEPEBRE P T, 3G KT XK AR R %= SR HEBOE T, PR XM RK R IR E &, iR KA R R G LU I 74
U OKPERFEF KA R 32X TG AS R KR N, O HE RO AL 938 B X3, PRIl AR5 356 81| VG ST T o o
TIAE BT X, S 3 o A PG T NS A [ A AR e 2 A HE e B A B[] A8 S AR A1, X6 b 43 B3 i) L HE
TR A S R 5 B B AN [RD K AR AR 2R R G il = AUARHE R AL, o e 38 /K A AR 28 R G i = AR Ml i HE O
AR LR S HE

1 W5

L1 BF5E X5 R KL
VAT IRYT_E 307 A — 28 SO, A1 109km , AU T AR T S2 PN XSSt 1, U AU AR AR 1 I 20 S N 42 X, 5
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FRAR-A M-I T b (& 1) o PO E AR GA 1080 km? , Ja W B I i 2 KU X, DU 243 B Rk, &
B WEFE, H IR, TR K, AR 15.9 C, - H IR ECN 1161.5 h, 45 F R &
1012.4 mm, FJRIX KRB T B2 B A 1.22 km/km® M

FETG IR IBAT 1 6 A SRAE A AL P RA A 3 A4 K A E AR I R S 1 AN (R 1L, ), W]
TLRFE S I T2 M T B2 S IR AR G, SRAEIAT B A 7K SC A A B AR — 350, R A o5 B 30 A b ) F 25 7
3N S AR o KRR s Tl PR R PE AL %, BE R 1m b (36 1, &1 1), 10 FHOK &R T8
)i S B BT KR IE R EZS A 690 T3 m? | HUhE LA b 35 A TR AN 2.0 km®, HEBIAERE N T
Wes 15 A £ FEARAEER RN P /K, BEE T AR 7100 hm?®, fRERAE 07 T2 T RS SR AR RF 5 15 1 I
RiN% 0.5—1 m &b (R 1,8 1), R MR AR 0 0 B RE A FIFR A , B R BOCR £
e e RN £0 1, 75 RS G IO, TR ORI R 3 KR 2—4 m, A2 0.13 hm®, %
2016 4E S, AR T K™ FRAE I AA 1.848 J hm® , Hor Pt B SRR ALY 9300 hm® ') I SSRAF 5 A0 T4 M
TR SRR, S PE] T AR, 8 8 m, ¥R 1.5 m,

x1 RESEERBRANA
Table 1 Sites descriptions

o " e 3 Ji5h . A
T KRR bW s i THAE ey M
Sites Type of water Landuse Altitude/m Longitude Latitude . Temperature/C moey
rainfall/mm (m/s)
fjeiemirn
5 GBI T L 620 TR 103° 37 14" 4645 30° 43’ 43" 1080.40 15.18 0.99
Rural River
X Bl .
REBER Wi KX 534 K2103°39' 07" A 30° 39" 14" 878.40 16.77 1.09
Agricultural River
l g “H By
R BT T Bty 513 TR 103° 40' 27" 4645 30° 357 13" 812.40 17.00 0.45
Urban River
i Fishpond Eidicl RIX 509 HRZ103° 40" 22" b4 30° 337 43" 761.57 16.75 1.53
7]
W.IE kHE , K FRIX 590 FRE103° 35° 40" Jb4 30° 40’ 09" 891.72 16.76 0.98
Xiangyang Reservoir
% Ditch fap AKX 512 ARZ103° 37" 49" b4 30° 357 02" 761.57 16.75 1.53

1.2 JK-SHE N,O WSRO

IKSFE A RE B R N o0 BT 2R FH 8 A S TR AR TR AT B W, e A VSV A O b 28 IE S TR (50 emx
50 emx 50 cm) BB EVEFEIETD 15 em AR LG T (10 ecmx 65 ecmx 65 cm) |, THZA /NAUE , B4
RFED AR N ZS AT, SRR, HE AR LS N 125 R, RS e 8 KU 30 & (AR N URIR &
B5), SRAERT BEAR R 2 FoKam b, O =38 B A FE SR A 0.5 L 85 4R 9 B MR AR A R A2 K - A TR R
FE A AR I K IS 0.7 .14 21 F1 28 2080 R AR | G248 il 4k v 59 25 B0k LUTR G SR FE 45 RN PN 1 UM 5 il B
200 mL SBE, SARRE S E— R N T e Ee . SREERT ISR 2016 4F 6 H—2017 455 A, % H 12 HZA 4 9.00—
12.00, FEARAESRE 3 1T, S58Z NIRRT N, 0 2 R e B i A M % {3 ( Agilent 7890,
Santa Clara, CA, JEE) AT, K-S FE N,O HEsH 2R LT ARG,
dc1 _ mP  VdC_ mP  dC (0
dt A R(273+T) A dt R(273+T) dt
Ab L F O HEGE B (mg m™ ™) ,p S N,O BB (g/L) , V AR NRR(L) ,dC/di J2 A8 N AU B2 B I 1] 42
fE3 (mol L™ min™") ,m 24 N,O WYEE/RBTH A R RAEF AR I A, H oK T 248 T A 20 B (m) R i
SMAHEE(8.314 J mol ™ K1) | T R RAEIFFE N SR (°C) o P RRAE SRR IER SR (P=1.013%x105 Pa)
1.3 RIZKFERE SN E

ERAESRER— K CRIR OMRokas (1 L gdE, ) SRR Z/KOKEE, 1T 100 mL 4w SR i
] SEE0 = , R E A DGR BT . ISR AL, FH RS T K, A 485 20 22 S 800K Bl 2 4 ( Multi

F=pV
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1 RERSHE
Fig.1 Location of the sampling sites

e BYORAR G MR £ BB AR DX BERIR T BT i

3501, [ ) il 22 %5 7 48 ( Dissolved oxygen, DO)F1 pH,

FKFEZ 5L 50 2 5 HE it € (Jinteng, LA 30 pwm, FE) |, FEH BT (UV-1100, Meipuda, 5 E) il
2% (Total nitrogen, TN) fHZAZ ( Nitrate, NO3) %% ( Ammonium, NH}) 4§ ( Total phosphorus, TP) fk
2777 % ( Chemical oxygen demand, COD) FlIFT2¢Z a( Chlorophyll a, Chl-a), TN Al NO; & FHBsE 1o 5 FR £
PO, NH RHISER i L AENE . TP R G ERH 2200 52 , COD R H A% BRE 122 52 , Chl-a 2R JT £ Pk
M, PIEEHEA LK ( Dissolved organic carbon, DOC) F|H DOC 43 #74% ( TOC-L, SHIMADZU, H#A) #t47
ME .

L4 SRERIR

FRAE R AR Bk A T 4G, R A S AR BN T 4 km, 00T R U
LG R 2 AR B R XU Y H B
1.5 Bdlnab Pk

SRR EAE T H] Excel 2010 FEATHRUEACAL BANTHEE fdi 1] SPSS 19 ~F- 5 7£4T Pearson A&7 H Fl One-way
ANOVA Z3#7, ffi H R( Version 3.4.4) 15 1Y heatmap PRELIEAT RIS Hr -2l #4 K], HAL K F 7 Origin 2019
g,

2 HR

2.1 ARSI

TR X i S0 ARGHT F e 2 VS A X, BT SRR %) R TR R B 38 R B — B 2 AR S5 B KRR R o i B
TE 8—9 H |}y 203.1—306.3 mm, fir/NEFH I IAE 12—1 A, 4 13.1—19.5 mm ; ifij i 5 Sl A AR R0 31
HIAE 7 A 12—1 H | ZEMLIE R 23.0—25.8°C Fl 5.8—9.4°C 1| VG 3 J5 XU 353k 4 /0N |, e /N KUK HE PRAE
10—11 H, 27 0.3—1.3 m/s, S KR IAE 2—5 1,20 0.8—1.8 m/s,,

JIT A RAE S 27K NH; (NOS TN TP .COD 1 DOC 1 Chl-a Bk R0 &35 i, AR, AR LTS 2
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54 0.07—8.83,0.22—3.69,0.48—15.62,0.04—0.65,6.55—53.19,0.99—24.52 F1 0.10—13.95 mg/L, pH ¥%
AR — B0 ZE AR e R 6.22—8.54
2.2 A[EIZKE N,O BHERCERAE

AR K AR K S N, O HEE & 09 H A2 S Ar e 22 5w (8 2) o RIXBCFITE R N, 0 HERCE LB AR,
P R W EAE 8 L, A BILE 11—1 A, HA4ERIA N,0 AYHERCIE , A ¥ HEHGE & 128 1L 75
I3 0.52—35.31 pg m™ h™'Fll 7.01—126.25 pg m ™ h™', IRATBOAR RN N,0 iy 24 HEmc, B #E
TS AU T A A, IEAE N PAE 9 H A3 H (52.67—92.06 pg m™2 h™" ) A ME HBAE 1 H (9.06—14.88 pg m™
h™') . SEBCRI A IERR 10—11 F 5, oAb A Gy ¥R B8 N0 WHEROR , W& B 2—3 7, A ¥
AL TG 350 -59.06—70.98 g m ™2 h™' Fl1-37.12—88.25 wg m > h™', Ti/KE EERM A N,0 KL, 2

A 12—2 HHE N, 0, H A Y HEGE &0 AR LIS F A -82.25—27.38 pg m ™ h™'
MUK G N,O HER 2138 R R X BRI Y8 R BN B R I i, & A iR (P<0.05) |, T HoAil
IR B AR S 25 HEROILAEE | BV A5 5 /3 TR (P<0.05,% 2) .

(=3
S
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140

Z BT AR X B it B IR B
80 |-
120 |-
60 |- L
30 100 |-
40 |-
80 |-
20 |-
- 20 |-
s I = ﬂﬂ oL
£ L
520 u ol a0
S-a0 1
- ] il R H |
.’E_J % 60 I R T S R N S T S 0 |—:E| — |*||—=-| 0 |—I—||—| ’_II—I—l |—|
=E 67891011121 23 45 67891011121 23 4 5 67891011121 23 45
% 2 100 - 140 .
¥ a3 °0 K YR
2% ol 120 |-
é 30
= 60 100 |-
§40 ¢ T mmr}‘ 80
Z2Yr UU T
201“ H3O 60
0 u - 40
760_
-20 |- u 20 ﬂ’—x—‘
740 | | | | I— | I I N | | _90 | | | 1 1 1 1 1 1 1 | — 0 I*I|*||*|
67891011121 23 45 67891011121 23 4 5 67891011121 23 45

H 3 Month

B2 2016 £ 6 A—2017 £ 5 AARREKE N,O HE5f A B S451E
Fig.2 Monthly flux of N, O emission from different waters from June 2016 to May 2017

x2

REIKEN,O HHETBEILL

Table 2 Seasonal flux of N, O emission from different water

% Season % Spring B Summer Bk Autumn £ Winter
Z BB Rural River 39.28+1.38Ab 6.62+0.44Bc¢ -22.85+3.78Ce 10.23+0.32Bcd
A X BL I Agricultural River 4.86+0.86Cc 14.24+0.96Ac 8.07+0.26Bc 6.93+2.60BCd
T BAT I Urban River 53.53+7.89Aa 17.93+0.78Bc 45.07+1.14ABb 20.12+0.82Bb
3% Fishpond 43.19£6.17Ab 34.17+2.55Bb -2.95+1.52Cd 41.73+2.54Aa
[ BH/K % Xiangyang Reservoir -8.11+3.99Bd -46.35+13.39Dd -30.12£1.31Cf 18.80+2.78Ab
I Ditch 43.38+2.67Ch 97.22+6.02Aa 56.53+1.13Ba 13.60+1.10Dc

REFRARRKRRE—RERIEAR T 2R EE NG FRARFRAF K2R BF, REVEKF P<0.05
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WD, & B A DX BRI T BTl it | £ % K FIA B8 0 AR 14 N, O HETBCH £ 43 5124 (8.32+28.60)
(8.52+9.43) ,(34.16+23.97),(29.03+31.41) , (-16.45+29.76) , (52.68+36.09) wg m> h™", H I Jy 74>
B A A3 > © BUBCRNAR X BER > /K 4 (P<0.05, 81 3)
2.3 A[FPIKAKR N,O BYHEGHE f 5 R bR 56 &R

AR N,0 HEROH 38 45 F FR5E T 10 R 240 10
HESTHT UL 4, HRAIE SR ISAH M43 BT, W 5% XK A ]
DARE S R U2 55— 2R DX 3 VA 2 5 2R 02 I
TR S BRI, 5 = 2SR s SR U RK R, BR
BEH o] U or ol =28 58 — R R R 46 br, G dE T
i X AR KR pH 5 2R SR TR R, A R
JZ7K Chl-a NH; \NO; TN fl TP ¥ J& ; 55 =22 fRiHs
br, A$EFZ7K COD DOC 1 DO ¥, W LLE HAIX
BT 5 18 U (R AH S 43 B B — B, IR OK AR N, O ~100

100 —

50 - D

v
.;: ';i_._._+ w
a
_._+ >

et
i)
B
—-—,+ e
B

NoOHEHUAE T &

Annual flux of NyO emission/(ug m2h™")

¢
[=}
I
.
PS ) i S U 2
L .
e S

A -
WE -

| | |
HEHL 5 R A W KR 200 35 T = E
(P<0.05) , HFRIK M4 FE A5 HR (NHL L TN) AL i) S & %
BAR(DO) e 2 3 A G (P<0.05) . 2 BT ARARZH Type of water
By N,O HemoH 38 & 5380 22 K5 bR (DOC) 3 REEEKEN,0 WEHHES
W IEMIDE(P<0.05) , falRy N,0 HERH i 53 Fig.3 Annual fluxes of N,O in different waters

JEKFRITHEHR (Chl-a NH; (NO; Fl TN) MRE R B EIE k5 v mRRdm R P<0.05 K 1778 5251 2% 5
MR (P<0.05) ., KIER N,0 HEfk A& 55 %386
(R AR ) B 3 35 B B 96 (P<0.05) |, 53R 2K YT 6 PR 8 &t 3 IEAH 5% (P<0.05) .

3 e

3.1 AR N,O HERRZE35 48 Sk K5 R oA

AHIF 5 KA N, O HEBCR R B H 5 PR BT A8 AR 1 SR A O AT B 98 XK AR 43 R DU Fh 2 A 5
— B B AL A B HOK S A8 N, O HERGE =R E i, X FE RN ETRE, L 55448
i (B AUKIR ) 2 83 IEAHDE (P<0.05, 8 4)  DIAERFSIER , 5 2K R N, O HERHE & 2 B iR A B
TR E AR A i 1, MR Bh T OR SR R M LR sh Bk 4, S E N, O By A = Ak o, Hok, RS
X B RS KRG A K AR A 2, i R e RERL AR 4 v 75 FR o0 2 4 2 B W A0 1 R DA st e 7% 1)
WHEAR KA, i RS XA A 7= )2 SR By 20, Ak T8 SR e B AR e ik N, O AYHERL,
UK, B AN TA B e R R e A R K T s AR A Bh KR g T NL,O R HERC . R
KEHF RN IE SR E RS T Al Bom i A i B 4 N, O HE R ] 48 SAFAE

55 2R S AT BE K S AR N, O HEBGHE S R B R Ffe i, LT 5 WG B ARG, J5
5HRZE/K DOC DO i 1 3 IEAHSC (P<0.05, &1 4) . ARF5EIAA Ak Z2K AR NOS e BEFT N, O 1611 EE =y
FHEAKZ, I H RGBT N,0 MoK RSz sh "> | i ol L@ B AE 5T T & LB IR 19 7515 728 S 4
HE, A, SRl B i H A SR A 2 R IR HERE 45 ) AN TA], 2 SE A T BT 3 N, O AR VB, U5 ok £
HeVS T R AR AN A S BT AR M Z kY L DR, IS N, O HERCA S22 4% TR I AL,
&2 45 T U RUK R A T N,0 APk A S E IR, 59k & NG sh B VIAHE

55 = 2RI RS AT N, O HEGH s R BN A BB B 5w T E, B 5RZ/KFE0HE R (Chl-a NH; |
NO; 1 TN) ¥ Ji & B IEAHSE (P<0.05, 81 4) , JRA =, & Joizd: St sy o [ oh 7 B2 % 15
TAOYEFR R AR HET N,O AR IR ; FLUR , A& B HERC R & ik 5 AR, a3 BR A ss , K 1A
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WS

pH

WT

COD

DOC 0

DO

TP I 05

NO;
Chl-a

NH,*

N

AR X
R
Ditch
K
iy

Fish pond

Agricultural river

Z BRI
Rural river
W

Reservoir
Urban river

4 AEIKEN,0 AHEMIEESIREIEHRE Pearson 1HX RBIRE DT
Fig.4 Pearson correlation coefficient between monthly fluxes of N, O and environmental indicators in different waters
1 o B RN R BRI, B R A i, IR ERHTFRIRTE P<0.05 /K A7F7E B3 YA 56 ; COD . fb2%: 75 A ik, Chemical Oxygen Demand;
DOC ; "] PEH HLIK , Dissolved organic carbon; DO : ¥ fi# 4, Dissolved oxygen; TP ; &M, Total phosphorus; NO3 : A4, Nitrate nitrogen ; Chl-a; I

& a, Chlorophyll a;NH} LS A, Ammonium nitrogen ; TN ; 45, Total nitrogen

TRERLY) A3 5 BE R AR, TP U A A K e e (R R HERL N, 0 P LR JZ 7K Chl-a 55 N, O HE il it 2 A1
K (P<0.05) , UL, fayE N,O HERAY i [R] AR 5 32 2 22 42 TR OR PR UL (R8T A Rt

SEPUZ ] BHAKEE R 3 AN H R N,0 BITR,2016 4F 3—11 A ¥R N,0 BIL, HEZ 1" fI/EH
ik, - H KR N,O HEAlOH 8 & 54 46 e (B & AR ) 2 83 W T (P<0.05) , 5 RIZ K FE
S RPRE R WA IEAHE (P<0.05, 18 4) . 53 AR, K BT BROK FRBE I S 28 1 d K R AIE , K
R A R T RN LA A A5 AL O B A TR, 5 I R R R R 4 S AR K JE
WA NN AR . B ZRKETURY S i s A s KA S AR P B R AT | A < 3
FEDR SRR AL SRR 53 SRR, BT N, O B W SO FH 558 5 1711 44 2K A= Sl B AR R e 55, X 7K AR PR A )
FRFR B R AR, PRI A et R E T N, O A P FERL > L KJZE N, O HERIAY Bk 1] A8 S48 AiF 32 %252
BEFRENEZERKEEE RGNS,

25 LTI WFFE IX O RD KA K ST N, O HE A Bsf (1] 28 S5 B FLAR ShAIL R 2 AR TR] . Aol 2K A& N, 0
HEjlcH R BN B = A%, 2R 8 bR AR TS sl B3R5 3R 3l 5 3k & 2R A B G N, O HE e — BobE L
B, BT NG IR 3, 355 R SRR 8 hn O RS s K EZER I N,0 I, B
TEATRRIMAHEBOR , FEZHE TRLEWEK,

3.2 AR[REKMA N, Heblm & i

5T XN AR ST N, O HERCAF 38 A7 AE 25 5, Py IR A N, O HEACAFE Y38 5 ( (52.68+36.09) g
m~* h™) S T HAKAR (P<0.05, 18] 3) X S22 (1) RS2 4R A P sz i e i 20, H B3 S5 A L SR, B
WIHER [T 3 A AR R K B e p B RS R U 2 5 (2) YR A R AU B AR IO, XA

http ; //www.ecologica.cn



9312 JAE = 41 4

i AR R R R EAC/E TS 5 E MM g, P A 8 SR S S N, O 1 HE G &
T EANERENXEE(6.56 ngm™ h™, 8) @& FH[E(1.43—4.49 ug m™ h™", 26) FIEHE (35.2 pug m™
h™', 19) BRI S, XS Xl A 77 ad B v 33 0 1 VR 2 4 ™ B L R DR R A ™) IR ARl 2R
REPRZIX R N,0 HE AL,

ST B K AT N, O HERC 8 &, SOR T8, B3 & T & BBURAR X BO (P<0.05, 8 3) ,iX
5 [ P A0 6T N9 B it T & SR HE RO i A B g 4 R — 3 O EIE I 2 W Tk AR TS RS
FISEIA 38T XTI N, O HER AR HEME R R 3 o VS /INRSsank Ty BT i /K AU A T N, O HEIGHE 2y (34.16+
2.16) pg m™>h™' KT P R4 3T BEA I, a0 R R (79.6 pg m > h™',22;184.8 pgm > h™',28) R EIH[
R (62.2—176.0 pg m > h™",29) ; T P KMERT (113.7 wg m™> h™", 10) 3 AR T 5820 [ &1 i v Bl ik, 4n v BE
ZF Guadalete 31 (170.1 pg m™ h™",7) ;Fi+:(108.0 pg m™ h™",30) ; 3 [ Kalamazoo ¥ (37.0 pg m™> h™',19)
PRI, B R REESR B TSR X N, O HERCAY #18 IX 3,

1] FH/K 69 N, O AEHERGHE HE((-16.45+29.76) pg m™ h™') B F LT RBIF X NHABAKM, KI N N,0
I (P<0.05, 18 3) o A RFFE SR, 7K B o 3% A AL 3k i ) FF 2R R0 A 2 i >0 i) BH K 67 T )11 v
SIS AR X, H U AR A 3, KK IR b — G L X, AR T A SR AR AT, SZ AR A P R T HEVS
SN RGBSRt o 5 EE P A ARAE A L 8] BHZKZE N, O AFEHERGE AL TP A = 117K PE(0.29 pg m™
h™',31) JEILRMBITAKAE(13.6 pg m™> h™',32) JURTT/KIZE(15.9 pg m™ h™',33) o X2 (1) BFFEIX K B
R A A T IR B AN (2) WS X SRR DU HLE B S ER AR A 4T 4ok 3 il i AR R
Y I AK B B 353 He P A A . 1) BHZK B2 TN TP AT TC 435149 1.22,0.09 F1 5.46 mg/L, #4 bt HiAth 7k
JEAR T

25 b SR XA AR ZE Y N, O HECE f 1K T 1 P At b DX gl va) 32 g T LA b DX il R 3R A5
SEIZ B T N,O HER A
3.3 R[EIKA N,O =4 FHERHLE] e

IKAAFICA ) (s AL AN SRS AR 2 7o A A FE N, O e B AT A, dsg B /K ARl X N, O B9 HE i
Wi, DO W EEEUTRRYFIZK AR e A il Ak R0 SRS Ak A FH A DG B Ak 2 IR 1, ke 5 7 & 7 AR RN #E N, O 19
M SRR BN, MK DO W ARET,N,0 FEE R [ FTRIL/EA ; DO W R I, N,0 F 2k A
TR (B DO W FR 2D IFANTERE . Kester 257 K DO W BEN 190, 8% i) NH; #4k
9 N,0; DO N 80%H , NH], FisAL# R FEMKF] 0.15% , Ronner "IN A7KAR DO (I AIE N 5%—110%H},
N,O FEZ@ AL SO =4z, 24 DO R ANE KT 110% 0}, O £ 21EH

AHIF ST WL 2 £0 5 FIIE IR A 227K DO W (3.47 wg/L F14.51 wg/L) ¥R T HAb-RAE A (55.3 pe/
L), H5 N,0 BHEHGHE & 2001 8 E A6 (P<0.05) | /R & T FE R RS AL/ FH AT AR 2K IR LE 1 N, 0
) BRI S it 2o A KR N,O0 EEk A TR LVE AR 3 oK A 32 4 it AT
BRI 250 NH ] e BE 28 T HA /KK (P<0.05) | s ALVE FHAR AL T8 3R Y, RIS A AR T e 55
2K AR, S B DO MR R T KA . Wang 2510 % B s NH. /KM NHE VR EEFI DO T #E3
FEA ARG UEW T NH; IR DO KRS AE HTE N,O j7 AR 1) F 24, X0 et 2 fa % il
N, O HEHGHE 0 2 & T ALK AR E SR, AR T i N, O HEGHE & 5 iR w B2, (AR
PLFIEARTR], AT A TOC W EE (14.37 ng/L) W3 5 T a5 (10.8 ng/L,P<0.05) ,1fii NH; ¥JE (0.55 pg/
L) BT a5 (5.2 ne/L,P<0.05) . & WA AL A3k i it K 1 ) SRS AL B 448 T8 3R, W 7 45 kTl
WHA N, O HE E 2R A T RAEAMER . B, AS R Z m] ) 2 7 40 38 RS2 g SR B g s, 7=
N,O HYIE#E I AR—FE, 78 NH; WA, DO W FE AR A /K 8 DA A AR A A 8 5 76 DOC I DO ¥ BE 45 i i /K
AR ARAE A 3, ELRUE AT REHS R 3 R N, O HERGE &
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4 Zig

(1) PRI RIZK AR N, O HERCRRAE X R ) R YR, Al 4 U2 85— 2l 2K IR 19 N, 0
HEHE RN H E A, 2R FR bR ARG Sh B SR B 5 55 2RSS = 28R £ 8T AN fa 1) N, O HE
OTE— SR, B2 T AN SIE S SR 1 2, 155 W T A SR R hn G R 59 s SR UK 2R
hN,O WL, R Z 4 TR L H805,

(2) AR N,O AFHERGH & 22 5 5 35, 1 IR d5e e, IRT Bl i 5k 22, & BB RN AR DX BT i 1
WK FERAR . I H AR AR A N,O HERGHE 5= T P A X, Al R B 2% X i N, 0 HEL
P E A,

(3) AR R EFA B FEN,O W= AR IEA—FE . 16 NH; WREEES ST, DO Ve BB AIK 1 7K 38 LA i
FRAE A 3 I SR A3 T ZE DOC A1 DO ¥ 4 v A /K 38 AT AR A A o =8, Jnsnk i ol 3
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