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Characteristics of the Dissolved Nitrous Oxide ( N,O) Concentrations and
Influencing Factors in a Representative Agricultural Headwater Stream in the

Upper Reach of the Yangtze River

TIAN Lin-lin"**, WANG Zheng'**, HU Lei'**, REN Guang-gian>”, ZHU Bo'*"

(1. Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China; 2. Key Laboratory of
Mountain Surface Processes and Ecological Regulation, Chinese Academy of Sciences, Chengdu 610041, China; 3. State Key
Laboratory of Subtropical Silviculture, Zhejiang A&FE University, Hangzhou 311300, China; 4. University of Chinese Academy of
Sciences, Beijing 100049, China; 5. School of the Environment and Safety Engineering, University of Jiangsu, Zhenjiang 212013,
China)

Abstract; Headwater streams around agricultural farmlands can act as important sinks of active nitrogen (N) and potential sources of
indirect nitrous oxide (N, O) emissions, as well as aggravating agricultural non-point source N pollution. In this study, the dynamic
characteristics of the dissolved N, O concentration in an agricultural headwater stream in the hilly area of purple soil in the upper reach
of the Yangtze River were observed during the period Dec. 2014-Oct. 2015 by measuring the headspace gaseous N, O concentration
using headspace equilibration-gas chromatography, and the dissolved N, O concentration was calculated according to the related
parameters. Simultaneously, the physical and chemical parameters of the stream water were also monitored to understand the factors
that affect the dissolved N, O concentration. The results showed that the dissolved N, O concentration in the agricultural headwater
stream ranged from 0.26 to 1.28 pg-L™" with an annual mean value of 0. 57 pg-L~", with nitrate (NO; -N, with an annual mean
concentration of 1.45 mg-L™") as the predominant reactive N form. The seasonal mean concentrations of the dissolved N, O in winter,
spring, summer, and autumn were 0. 63, 0.45, 0.53, and 0.64 pg-L™", respectively, without significant seasonal variations. The
annual dynamics of the dissolved N, O concentration were primarily governed by the concentration of NO; -N in the stream water, with
denitrification being the main process producing N,O. The saturation levels of the dissolved N,O in the stream water showed
oversaturation, with an annual mean value of 203. 9% (109. 7% -546.5% ), with a seasonal pattern in which the saturation levels in
the summer and autumn were higher than those in the winter and spring, indicating that the agricultural headwater stream can release

indirect N, O emissions throughout the year. The temporal variations in the saturation levels of the dissolved N, O were mainly controlled
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by the water temperature and the NO; -N concentration of the stream water. During April-October, the concentration of dissolved N, O

in the stream fluctuated obviously as a result of heavy rainfall, which resulted in an increase of the concentration of NO;-N in the stream

water in the short term after the rain, which promoted denitrification and then increased the dissolved N, O level correspondingly.

Key words: agricultural headwater stream; dissolved nitrous oxide; saturation; nitrate (NO, -N) ; denitrification; temperature
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298 K, WA HTAIE T Ky SKIRAAE, 5FF
EFERLE R WP KRS T, KATH
ARG RS SR CREEBHINE ) KR A5 44 T 14tk

K B 7K N, O AF B (umol - L1, R 3C
FICH ¢, ), WIALHE = ) & U T A0S
e
¢, = Ky xp,y

K, Ky ARFERT K S5 T 193K Henry H4K,
Py N, ORI KA e, AR L el 1 4k =
X RSTIPRBUIT T, 292 0.334 x 107"

Wb, KN, OFFIBE [ A< SCHh ] R(N, 0) 3R
TRIH e e, (% ) .
1.4.2 eEgit 550

¥ Microsoft Excel 2010 B4 3E47 52 46 %48 Ab
FE535 ) SPSS 20. 0 4k fF (SPSS, Inc., USA)
BETSEHH 0. R ANONA B K 5 2000 fe &
L (Tukey KB, P <0.05 £anA BEME) X
AFEJEA N Z(NH,; -N, NO; -N, NO, -N, DON) i
B 2 S, IR  ANONA BAPR %07 2% 73 #r
N Z T 3 (Hochberg’s GT2 K36, P <0.05 KA
B ) X H AT D 2 ) 2 S A M (12 ~ KA 2
AR%EZE 3~5 ANEFE 6~8 ANEZE 9~10
H ﬁﬂ(é) , K H Spearman BRI T A R BT
(P<0.05 fRERFMK). EEHLEMERIHT 4
~10 A PSRN H N ZRFEN R ( >9 mm) F
MG (FEMZE G 48 h M) B NO; -NHJE | W
JEETLTNO, -NYe JEFIEAEN, OMRJE Z Al & R
H Origin 8.0 218, SCHHRTRTRZE , WIJCHRH UL ,
MR 4 A S R FRHER2E (n =4).

2 HRE5H

2.1 [EMAERREE

AHIE 5% W0 N A AF B i O 945.3 mm, 4
B B ARER RRBEW R 17,5, 152.8
496.2 F1278. 8 mm, B Z=FIFKZ b 0L HA B K RN
9 82.0% [E 2(a)]. WINHA P A<

100
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Fig. 2 Rainfall and temperature during the observation period
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(AT) B ¥ (8 (FEH) M 17.3°C (1.5 ~29.3%C) ,
& A BRI o ) 22 S 3 AR B R
6.2.15.3,24.8 F120.5°C ; Frulil /K i 4 4F 241
(JEHl) #y 18.8%C (5.2 ~27.4°C), & FHF. ZAM
R K SRk 8.6, 16.5, 24.0 Fl
20.4°C, SR A ZK IR DY 2= A A A B = R (P <
0.05)[F2(b)fFE1].
2.2 KRR Sk

WAL 3 (a) FIFR 1, UL AR I FP NHL N i
A4 (FEH) 2 0.07 mg-L™' (0 ~0.15 mg-L7"), &
WA FEZE R (P >0.05). NO; -NYe 1 (78
Fl) A 1.45 mg-L7'(0.25 ~4.01 mg-L7"), HEEF
P ERAL, BcRmm & FMERRET, NWExR
W (P <0.05) ; Al JCHLA (DIN) 1y 2=y
A 5 NOy-N — 8 K28R B
89. 1% ) KA M /KL P NO, -N ¥ B #R K I A 2] (2
A6 YAE 40,02 ~0.08 mg-L™"). TDN JEF-1
(JER) M 2.02 mg-L™'(0.65 ~4.45 mg-L™"); TN

WS- (L) N 2.54 mg-L™" (1.11 ~5.09
mg-L~"). BFSEHIAN, NO; -N¥k B i 2% TNH, -N |
NO, -NAI1 DON ¥ J¥ (P <0.05) ; NO; -N 5§ DIN ¥
FoAG S35 (TEFR) M 92.5% (72.2% ~ 98.1%)
NO; -N (5i TDN #9 Lt i ~F ¥ (5 [l) N 67.4%
(29.4% ~92.5% ), NO; -N 5§ TN 4 b )34 (78
FEl) Sk 53.3% (18.7% ~83.8% ) ; DIN 5 TDN ) H
S (JE R M 72.3% (37.2% ~95.2% ), DIN
di TN 9 L SF- 35 (Y ) R 57.0% (23.1% ~
85.5% )5 FHULULIAAAH 58 AR K HNO, -NJ&
FER N RRAAIEE.

SR 9] PN IZ R K H DOC e B34 (VR D) A
3.16 mg+L ™" (1.58 ~5.38 mg-L™"), & T & Z - H4(H
BAR(P <0.05), HAZETTH9 DOC ¥k BE AR L 3 Aa e
[ 3(b) Rk 1], WIRpK Ay pH P4 (GERD 4 7. 79
(7.08 ~8.31) , &P AR THANZTT (P <0. 05,
F1). 162015 4E 8 H ~10 AEIAER DO P-4 (7
Fil)J&7.06 mg-L ™' (5.58 ~8.42 mg-L™").

F1 ZRRAKGHEUZERMBEN,O RENSFTER"

Table 1  Seasonal variations in the physiochemical parameters and dissolved N, O concentrations in the stream water
e Cobs Ceq R(N,0) WT DOC NO; -N DIN TDN -
/gLt /gLt /% /C /mg-L~! /mg-L"! /mg-L~! /mg-L"!
ESEs 0. 633 0.394 d 161.6 a 8.62 a 2.02 a 1.70 b 1.78 b 2.24 be 8.07 b
T 0. 446 0.308 ¢ 144.2 a 16.5 b 3.69b 0.78 a 0.85 a 1.21 a 7.81 a
HE 0. 528 0.237 a 222.5 b 24.0d 3.42b 1.22 ab 1.29 ab 1.74 ab 7.72 a
hZE 0. 640 0.266 b 242.3 b 20.4 ¢ 3.47b 2.00 b 2.13b 2.77 ¢ 7.65 a

D& BRI RAEURE(n) 73500 12723 F13 W5 ¢, M e 3HINIR TR I BTN, O e BERK H P COLIN S RS Y
SRS SRR A T RYSEAGA BT ) BITEAEN, O W R(N, 0) A HK AN, ORI FIE ; WT Akl ; [Fl—F AR R/NE FRERR
] —FEhR 1 P MEMN B E 22 H (P <0.05), T ¢, JIT/NE FRARENF R HFEWHELREES

]

st —=— NH;*N

T —o— NO;™-N

W 4 ——TN

£ 1# o TDN

=
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%
1 F
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24t
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Fig. 3 Concentrations of DOC and reactive N in the

stream water during the observation period

2.3 RPN, OB 5510 R A A2 AR ARRAIE
a4, WL N R K e, B EE (VE
FEl) M 0.57 gL' (0.26 ~1.28 pg-L™'), & .

BB F-2ME 408 0.63 ., 0.45, 0.53 Al
0.64 pg-L~", &% HRMKENFEHMES BN E
ZEf 1,42 118 F 1. 43 £, HUZFEE AN
A K HNO, -NWRE—2, (HEE1TH50Hr o
R REE(P>0.05, £1). AWM,
{ELAS m TE U P I A AEN, O (B (), B
AHFFE B KR EAEN, O i 4247 rp Ak 3 B 4
AR, HAR Y E (JEH) b 203.9%
(109.7% ~546.5% ), BtHIZKIE L FERZEN, O
TREREIE. 4T & BV AEN, O ) 160 B HLA 1]
WE AL, AR E S TAEMEE(P
<0.05, £1). (HEFZEMNZE, £2015 44 ~10 H
B, RETKFE ¢, BB RIFA 2 W IE(E H 3
FE S, AT UL I P 1 o3 W D0 & 3R, A — S
M5 (48 h >RAEE) ALULIM E] ¢, UM, 12015 4F 1)
6 H30 H(0.87 pg-L™"). 9 A7 HA26 H(0.85
e L7VF10.72 pg-L71), MR ¢, W (H A
B/ we O A VIR NS I TR R SN R 1 S L S )
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Fig. 4 Dynamics of the N, O concentration in the stream

(a) ], UEHISRBERN AT 5 RS AH 5K T e, B T i A

I 0% 3.

2.4 VAEN, OMRE S0 A Ay s me K 2=
MR R (F2), ZBERAKT ¢,, 5 R

(N,0)(r=0.70, P<0.01) . NO; -N(r=0.44, P

<0.01) . DIN(r=0.46, P <0.01) . TN 1 TDN(r

=0.41 f10.45, P<0.01) . NO; -N TDN Fl TN

W AE (r=0.38 F10.48, P <0.01) ¥ 5 3 iF 41
X, MSAKE(r=-0.29, P<0.05) . K (r=
-0.39, P<0.01) BFE M. ZxmlIEs5T
R:e, =0.46 +0.073 x NO;-N(R* =0.34, P <
0.05), UEHINO, -N¥k FE /& 52 e fF 52 7K 44 42 4F
o I BN JF 0l i BEULIN I 1N 34% 1) ¢,

AL

®2 ERARREN,0 RE, @NESHEZWERNHEXE"

Table 2 Correlation between dissolved the N, O concentration and the saturation level with the affecting factors

R(N,0) WT AT NO; -N DIN TDN TN NO; /TDN  NOy /TN pH
Cobs 0.70* -0.29* -0.39* 0.44 ™ 0.46* 0.45* 0.41* 0.38* 0.48 ™ /
R(N,0) / 0.28* / 0.48 ™ 0.49 * 0.50* 0.51* / 0.30* -0.45*

1) e I R(N, 0) 73 BISH B K RN, O We BERIAHIEE ; WT HI AT 235 KR AR, WIAEA S n =555 = FIK P <0.05, = * K P<

0.01, “/” FRIom Itk

AWFFEAKH R(N,0) 5K (r=0.28, P<
0.05), NO;-N(r =0.48, P <0.01), DIN(r =
0.49, P <0.01) . TDN FITN(r =0.50 F10.51, P <
0.01) . NO; -N5 TN Ay LtfE (r =0.30, P <0.05)y
WA, MK pH BEAAIC(r= -0.45,
P <0.01). 3t &3, Bk PR e, 57KR
WEERMISE(r= ~1.00, P<0.01), Witk e U5 R
(N,0) BEMAK(r=-0.28, P<0.05), X 5K
AT R(N,O) BIAHICOC FR 8 AR, 16 W 7K I B v
o, fHBRAK, PRI KRS ¢, E 3224k
R GEEMR (1), [, ZI0EIH08 &R
(N,0) =28.8 x NO; -N +5.33 x WI(R* =0.70, P
<0.01), YLEANO, -N¥RE (R* =0.30) FI/K & (R
=0. 40) S A ST K AR 2 4F R(N,0) 2246 1Y)
EZERNER, I RN 70% 1) R
(N,0) 71k,

4 H5HE10 H27 H, 1€ 19 K BRI %

SR H R SRS CREERT 3 d Y BB
1 >9 mm) , W TR TINOS -NHEEE R ¢,y , ]
VA BT I A B, SRS 1 ¥ I T AR 2 Y T
FONO ;N e JE it 0 52 i I 9 A 58 ot 75 ( RP
=0.43, P<0.01; & 5), fEWJFIZZERNO; -NH

o6

E y=0019x+ 1.14  (R2=0.43,P<0.01,n=19)
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Fig. 5 Regression analyses of 3-day accumulated precipitation
prior to measuring NO; -N and the measured

NO; -N concentration in the stream after the rain



4 PH IR A YT P SR A 03 TR A AL L U (N, O) TR BE AR AIE B 5 i [A 3% 1945
RE T T GRUUK D o0 ORI (R =0.49, P
<0.001; Kl6). ¢
- 10 ¥=010x+034  (R?=049,P<0.001,n-19) 3.1 PN, O BE S MR o
% 0sl N M 3, AT o, MERMKTHRE, HA,
i . 4 0 4 K 9 e 0 25 SR (PB4 3.1 ~ 100
% 0.l . LY peg- L1, WARTIEEY 3 6000, Biva=2m 5 4%
[ o | * M. 3 E A9 High Plains Aquifer 31 F 7K fil San
0 05 10 15 20 25 30 35 40 45 Joaquin River , Fi 31 1) ¢ FH I Sk 3 00 M vp =00 3 2k

K HNOs Nk i /mg L™
6 WREMNERZRERAKSP ¢, ANO; -NiREHIE TS #7
Fig. 6 Regression analyses of the measured ¢ and

NO; -N concentration in stream after the rain

) S A IR TS YR IR 15 AR R
7K 331 B8 B AT/ NG 387K 2R A0 08 I - 24146 0. 83
~4.20 pg-L7"), A& F X E Iroquois River Fl
Millstone River 381 P8 =% ] Ashburton River | JF Y 4&
£3 SHMTHERRS ¢, F R(N,0) BILEEY

Table 3 Comparison of ¢, _and R(N, O) with other rivers and streams

obs

HFSEHbA, /gL R(N,0)/% ek
A HHEK A, 100 / [16]
LA HEK S, HA 13 ~109 / [17]
High Plains Aquifer, 25[H 0.83(0 ~26.3) 270( <10 ~9 690) [45]
Hudson River, 26 0.53(0.31 ~0.95) 185(125 ~385) [46]
e HHEK S, HA 38(0.06 ~95.2) / [47]
A HHEK A, S Bush Estate 0.3~2.0 / [18]
e HHEK S, HA 44(19.3 ~189) / [48]
Colne River, #[H 1.24 273 [49]
Troquois River, 32 [ 0.29(0.19 ~0.39) 174 (134 ~209) [50]
Millstone River, 2& [ 0.18(0.16 ~0.19) 110(104 ~123) [50]
A MHEK I, Aberdeenshire, 3 [ 32.9(8.1~77) / [19]
A< HHEK A, Midlothian, JE[E 3.1(#42~4) / [20]
e HHEK S, 12 11.5 / [51]
Spring-fed river, 7% 1.03(0.43 ~1.89) 306 [21]
LII River, ¥ 1.60(1.30 ~2.00) 570 (402 ~664) [43]
AV IR, £E 0.81(0.15 ~5.13) 236(45 ~1358) [14]
3%, dbis, BE 2.90(0.25~18.1) / [52]
FIRWT, HE 1.19(0.49 ~3.79) 713 [53]
B, 0.44(0.27 ~0.62) 254 [53]
Ashburton River, V4% 0. 34* 114 [54]
A HHEK ), 9= Norfolk 3.2 / [8]
River Thurne, 5[ Norfolk 1.74 / (8]
Ky, 0.49(0.34 ~0.72) 212(116 ~339) [24]
San Joaquin River, 3&[E 0.91(0.31 ~1.60) 362(186 ~729) [55]
Ay Fs N, E 2R 0.52 / [44]
YA Ml X 30T 0.12 / [56]
KA JUR LRI, 0.51(0.15~1.07) 216", 311°(144 ~967) [26]
A RS R, i 2.84(0.16 ~10.28) 674(40 ~2701) [13]
A HHEK T, JEE Norfolk 4.49 / [7]
YR, PEE Norfolk 1.43 / [7]
K, A 0.36(0.19 ~0.78) / [29]
Kzl BBz, 11.3(0.56 ~63.0) / [29]
HERK =AFERM, bE (0.39 ~12.2) (175 ~4914) [30]
KItipNEE, 1 E 0.54 213 [25]
R X (4 F), TE (1.03 ~19.3) (202 ~3419) [57]
R X (428) , hE (0.27 ~2.94) (70 ~741) [57]
SR RIS Y, R 1.20 497 [27]
MK BRI 15 263, 2.89(0.60 ~16.11) 935(203 ~4 961) [28]
KL A RO (R, TE 0.37(0.26 ~1.37) 112(87 ~351) [31]
KL A Ko (22, TE 0.30(0.20 ~0.78) 156 (112 ~396) [31]
BRI, T 0.46(0.33 ~0.76) 191(101 ~343) [2]
JB NG OK R, P 4.20(0.17 ~38.6) 1550(62 ~13821) [22]
RV R+ ORI, 0.57(0.26 ~1.28) 203.9(109.7 ~546.5) AW

D RSN BRI | 155 WRRER( R ARG S ENTER S ) 5 « /7 FoRSCRH AR CEE ; a FR gt m E4H1 9| 10
W SR BAR AR b FOR IR o FoRJURTERY T (E
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B 40 %

NI ARSI R e O A I N B A W B i
GER (P 0. 12 ~0.44 pg L"), MidEETEE
Hudson River A4 IR . HEHE YL, JUe i &
B A UL S 4E (0. 46 ~ 0. 81 pg-L™") . Xf
Fb & B st AR BB AR Al X PN A K AR R 15, R FH
I HEK B e, 8 R T 5 K (4 R A E
GEMEIN 5.4 ~175. 4 %) , ABSEE T T ¢, fH
FEARN R e bt F AR AR Tp b T R KOs A,
ARHIF 5 45 ARG T35 43 32 15 G W T 0T 3 ( 1 dfg ]
WX iz i 5 BB ) 19 e, K (36 3). Rl
W e, 21 E B RO R HHE, &
WFSE IR i 7 K 22 HA 8 1 ¢, WL (0. 64
pg-L71) , S Norfolk Hi X ARG rh Rk ZEy
(B A SR — 37 i ) AR S A ) 28 K A
Ttk Nl B Z S (B B g (0. 61 pg-L7") ™, 78
TR K R R AR B EAR T A B, A E
A2 g5 L, BEBREANR R e, AOTE R BI{E A2
TR S B K X 22 5, TN A 2k
¢ UL | BE T = B AR B | R 2 5
F.

ARHFFEE R T R (N,0) By 4E ¥ {H 4 5 £ [F
Hudson River A4V IR . A EHS YL, 80T JiF
NI 2559 (185% ~236% ) , kT 32 E High Plains
Aquifer #1 T 7K Fll San Joaquin River, & Colne
River, HP4 % LII River FURKENATT | B LA 4
5K B -3 (270% ~674% ), WAKT P [E
O SSZES T I 7= R0 N1 1) A I < = S e 2 1
WX LS AR ML P75 YLl | Al K BH R I 15
ST R R AT /N G IR FR A BIE 5 45 2R (P31
254% ~ 1550% ), {H & F 3£ Iroquois River #
Millstone River. #7422 Ashburton River, ' E KT
1 R TV LI 411 (110% ~ 174% ). ST 35,
AL R R(N, 0) 724 3K [F) 2K A
JE TR (KR 3), (HEETH R(N,0) &4
A FHBAL Tk B RIR A (B 4) , AR A 32 K AR i
STEAE RN, OFEC R >
3.2 WAEN, OHREE S AN REE A K R 5 L ML

ST KRB, R ¢, 5/KTNO;-N,
DIN, TDN Al TN ¥ B IEAH &, [F B 5 N0, -N/
TDN (¥ LA FINO; -N/TN i LB B AR )G (£ 2)
MNO; -NAZZAK b i B MR RAAE S,
I, ZAKIREINO, -NIEFEM o, I EZ N RES,
BINO, NI EER Il s e, A Th (2 M
Kl 6), ZInERIHSHr B A&, ZKEEFH
Co B FELZHNO, -NWKE T £, AR N

BENPHEMNEEA AR (1), TEL
TS H B KRR KHINO, N JE S DIN AU
et ¢, B N ZRIEE, 53F High Plains
Aquifer ZKEP'M CIEZ S/ e NLE B KT Y Cobs
BENO, -N ¥ FE 36 Jin i T+ = i 45 B — B [\ i,
NO, -N /& /K w1 2 fiF§ 46 18 FH 7= 42 N, 0 1 & & iR
Pyt R K Tk FEE R DOC (4 3. 16
mg- L") Ry R AHAL R T R A R (2 i A B
YrRE SRR ) FEL T RSP LR B pH
(AEF7.79) 7 IR BE S0 (4F 45 18. 89C ) 10 | K
SR IR R AR AE FH & A 3R A0S T 28 R Y
MUY R IE R EE A DOC & (AR
63.7 mg-kg ") AT R AR AR R AEAR X B E (9 DOC ¥
ETE3(b) ], HHEWKES ¢, AL, Hi
DOC 1] BEASZIRIR A ¢, 28 Ak 1452 Wi 53 R i PRI
. KFRIE T AT 8 ~10 HIAIHY DO kAR T
Clough % 7€ 3 7§ % LII River (7.5 ~ 15.5
mg-L ") "' Hl Braided River( £ 10.5 mg-L™" . {4
F16.9 ~13.7 mg-L~ ") Y I GS 5 3R 450
T YT & A A R A - SRS AR VR R, 2 e K
W, BIZEAL ELA BB R A, DR AR R O EL L A e
TR A A A AT A R N (R S
AWFFEH 12 H ~ A7 A X DO WL 4 1 358 53
B, A RAEBR T KK ¢, 28 A0 B0 5 I A A BIL
TR e — B A R R R ) . IR, 2%
TAZET KR 24 F 20 N AR R LNO, -N5
e IIEAIE S, HNH, -N | NO, -NVEJE 2 4EHRR
i, BRILIZKR T AR ARV FH T BE 45 55 DA 1T 558
FRARMER, Wik, 724N, O 3 Z LG M
JRAEAVER. TR A B NOS -NEUN, O 1 %)
THAFHF, KFNO; -NWE B F+ 2 N0, -NEE
N, O A WAl i (eGP C IR FT 2 RT) , AT
HIN, O3 JRREGAGTEYE ) | PEMIEIEN, OF= A i %
B R &l e, BENO, -N ¥R B Y T T
j]ﬂ[9,37]‘

AR KB, B AR X R N &
( EEIENO; -N) 38 £ 42 i A bk i 12 7% 0 A& H iz
AR AR 1020 4 <10 H 0 %
TR CREERT 3 d N BAFER R >9 mm)
B AT A R %R FINO, N T (81 5) , 3%
ik — LI UE RTINS A4S 0. WA IRIESE 1, K
TRNO, N BE T+t 51 & 1Y SR Ak S = 45N, O
TR FR 2k msf 18] He #2008 (4n Hill 2120 H1 Moseman-
Valtierra 25 A H7E 48 h LA ). KT HGI R
O, SEBTETT G P SRRE NI | %2 PiZ K A
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NO; -NWRFEAEM 5 N T I R R 2 (a) | B
3(a) MK 5], HNO; -N¥ BE (1) 38 T+ v] 4 ok RN s
FEHI(48 h) K ¢, 38N (& 6). AT 201
&, 2015 4F 4 ~ 10 H M Fr g8 K ik v, U 8028
TRRZ (725 S 2R E N 40.3% , Fie KAE M e /ME )
4.9 %), Tz [ A K D) Ak T3 R il Ak i AR
UG (14.3 ~27.4°C) , B IR EEAS FT RE 2 1230 1)
PISEIRIK A e, OGRS S U6 I 7 LA iiR
B 4 ~ 10 H (8], 3R R EB0R N0, -NWk
FEW I TR, AR SR KR c,,, B3 (&
SHIE 6), A B E KA ¢, 3 3h 1 3
B WA, Uyl B B N = AEN, ORI ¢\,
(Y B R SORAAE (L 6) . R, TS,
ARG L FIR R BRI, 6 4 ~10 AR Z= st
RN I 12K R NO, -NWR B ¢, Bl 2548 £k i3 X
BRI A RR R, FE AR IO N % sl A28 ey
Wy

ARBFFEE &P o, FUKIRFAAHSE (£ 2),
WA AR FMDCOCR S SOy
SRAET KR 2 1 = R H B (K ) BT BEZK TR T 55
TIRGAR, T K, 238N, OFE K rh %5 il ke JBE 14 0 4%
fabr, PUresK PO ik 244845 (4n DOC, NO; -N |
NH, -N) Mx R R i oK T ol B K R e,
() (EZKIR T A TR B (4 Herrman 25190 512
KR R 8°C ws. 30°C, Jenni 5 Pl iR E K 10
~30°C), A AR A 0 3 OO A AR K
HDO I KA e R ke AR £
N, 0P, 2 | el K I T REXT ¢, ELA AU 5
g M I e, DU B KR T T R AR, R i AR Y
(KA R(N,0) 5K 5 3 1A 56, A 55 B9R
TR EE 1 R(N,O) Z747 Y (B BUAE /K R4 i 1 5
B (1), X 53 E Hudson River * 7 /K iR 55 &
I EA BN, O RS (45 SR — 3. Lotk A
ST 7R, R (N,0) (19748 b 32 2 32 /K | Ak p
NO; -N¥ B (L [, 3 R(N,0) 5NO; -Nik i
EAR ) 3% 57687622 Ashburton River™* [lF55 45
R—2. SR, RBFIRR T ¢, BT AL A
i, 5P 2% LI River'™ 135 E Hudson River'* fiy
WFoE s R —5.  ERgE UL IZIR i P N0, -N i
A= AR (AN S AL ) T L AEN, O B K i i 5
(HETEN, ORI ) A T Z 5 740

4 Hig
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