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variation in wet deposition of nitrogen from atmosphere in typical areas

of Chongqing
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Abstract: The present experiment was carried out to investigate spatio-temporal changes in wet deposition of nitrogen from
atmosphere in Chongqing area. Rainfall in successive three years was collected from three test sites, including a forestry site
and two urban sites near and far from city, and analyzed for variable nitrogen concentrations. Total nitrogen ( TN) in
rainfall ranged from (3.94 £0.50) mg L™ to (4.56 +1.01) mg L', averaged (4.27 £0.73) mg L™'. NH,-N
accounted for 44. 9% , NO, -N for 27. 4% and DON ( dissolved organic nitrogen) for 27. 5% of TN in rainfall,
respectively, indicating largest contribution of NH," -N to wet deposition of nitrogen from atmosphere. The concentrations of
nitrogen in rainfall varied seasonally, i.e. winter > summer > spring and autumn. Nitrogen deposition in rainfall tended
to decrease from the urban area near the city to forestry site far from city. TN concentrations in rainfall were 4.56 mg L~
(urban area near the city) , 4.32 mg L' (urban area far from city) and 3.94 mg L' (forestry area) , respectively. Even
though there were no correlations between nitrogen concentrations ( NH,-N,NO, -N,DON and TN) in rainfall and the
amount of precipitation, wet deposition of nitrogen from atmosphere were positively correlated to the amount of rainfall. The
amount of nitrogen deposition from rainfall in Chongqing, which was higher than critical index of nitrogen load in water and
probably harmful to water resources in Three Gorge’s Area, varied spatio-temporally due to ground nitrogen emission and the

amount of rainfall.
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KRREBVENTESRETHEE, BEWRABNRIVAESRERE RN, BARG T RKEEASR
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NH, -N.NO; -N FIAHLAR . Heh, KA NH, ZERIE T A E i MRIE K38 & , M Y5t s sk
TRF AL MR, DA AARB AP  NO, Bk B T IN e, 300 W 6 RS ALV, 9 I
AR, R RERERSES s KPP ANAARK B RIRE, kA T 1% kE JERFIAE
He A RO RAEFT T o RSP NHY -N NO; -N A HLAUK S8 Bk B TR Rk i , Bk me b
HORBE AT LR B Y R B R B E B A T LA S RS, R KR E S R AR R

=K FERE EK TR R E R Z —, ERKREEEWB] T NRE AR, BRTAT
=R PEIX, 2 3 7Y e i X e K B 3R, A B4 SRR AL AR i F B ok, F & SR & Rl SR . BT
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1 HREH=E
1.1 FEARE

PEPEFEER BT 0 10 ~230km (1 B A RRMERERB X GEXE X AAKX g KRBIRITCE R R, Hp, ik
A0 DX P B B KT Ho0 2y 10km B ERINIX, % X T AR MY & 3K , i K T AR B3R , i &l RUIE , 4505
3™ B AR X e PR B E PR T Hho 0 24 SOkm B JURS X BR B3 I , 2 DX DAL A= 7 0 LA Ak AR X 7
A s R IX e PR B B PR Hhul 230km A5 AL 22 L E R ARMR A N, AR IR A K TG 30, = SEHT, T &
R
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W, A TROEMPENA R E . HRERE/D, WG I 2R 2 EFZERER, R el —
WREM . BUCREWFEZG , BRI KR, 2 LGS, Bl R R L R 58K E,

1.2 WEDSH S5

FATEBR AR F A% v | € B0 15 BU 68 12 A L IR 8 REE 43 ) WU 8 W 7K H Y NO, -N | NH,' -N HLEVE( TN ( Total
Nitrogen, F[F) ™', A #1L% DON(Dissolved Organic Nitrogen, T [F]) Z&F A &K NO, -N 1 NH, -N'¢19 |
1.3 st

K Fi Excel 2003 #R {4 B4 T RAZAEAL B, 55 ] SPSS 13. 0 k{4 #4T Duncan B 2 (LSR) BEVERKLK
2 #ZR5ite
2.1 [EWPRERKE
2.1.1 R

FEE PO DX R, AN [RIVR BE Y S A S RS AW FE AR & 1 s, N mT LAE B, BT
NH, -N.NO, -N #I DON ¥ & /NFE%F 1.5 mg L™ IR R4 5k 74.93% ~77.40% (NH, -N),89.73%
~92.48% (NO; -N) #190.32% ~97.74% (DON) , =FZWEH KT 1.5 mg L MIRETRAN &5 208, FEFR
TN ¥EE/NF T 4.5 mg L™ (BAIRAVRE ) 3 £, FIF) MIFEFIRR B 80% , = EWEZMATF 4.5 mg
L' AR AR A o5

{HAFER I, Tt 2 NH, -N,3EJ2 NO; -N Fl DON, ¥ BE/N T4 T 0.5 mg L™ FERTARRAARIX > AFIX
~IERBIX.(fX NO; -N fil5h , IR = mRBX. =L RBIX ) o TigA& NH, -N, i & NO, -N #1 DON, £k E K FETF
3.5 mg L™ BERTR NS IX ~XBIX > ARIX o 34T TN [ 5 , BEMT P BENTF 45T 4.5 mg L BTSN
PRRIX. > JERRIX > ARIX o Fr LA, PRI R 7K & A2 Y B BAIE 2 R AWK B R AR R 22 5 A 5, i RB X R K o
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Fig.1 Frequency graph of nitrogen concentration in precipitation
2.1.2 AREEHRMKE
FERT G NH, -N B35 T NO; -NRIE a9 1.5 ~ 1.9 1%, NO; -N H¥kEE 5 DON A8, 2246 T
(1.10 £1.29) mg L™ Z[E) (£ 1) , BLHARERT 9 NH, -N 2YE AUIRER K EEREK .
#1 TEMAERFANORE(mg L")

Table 1 Nitrogen concentration of precipitation in different areas

FéE R At (mm)

Hb g Site Rainfall NH; -N NO; -N DON TN

JERBIX. Near city 1142.3 £51.6 2.05 +£0.50a 1.21 £0.40a 1.29 +0.15a 4.56 £1.01a
FCARRIX. Far from city 1148.9 +56.9 2.10+0.28a 1.12 +0.71a 1.10 £0.39a 4.32 +0.68ab
MIX. Forest area 1208.3 +45.9 1.61 +0.34b 1.18 £0.13a 1.14 +0.3la 3.94 +0.50b

i —F AR ) PR 735 0.05 BE/KF  Different letters in a column mean significant at 0. 05 level (Duncan’s LSR Test)

R ABIBTFER B, K B NH; 2RI TRt A2 S R G0 5 NH; , a5 AR MRS 4% %, e
X SRR AN IR VI B0 A8 , LA A AR B A BR 55, il b 2 25 R G P B R K ISR 1 3h S HL %
KRFIRET Y NH, -NYRE"" . BRI, MR B A AR, NH, HEBCR R . Esh, BT AR
X 3t ] P % 1 , SRR AEER 3 , R KB P U , St 808 P i 3K ) 450 kg hm ™% a ™ (F4HA, R LR
Hh— Ml 345 kg hm ™2 a7 EURM NH B R BE o HIMAE MR FITE U NH I & R 20, 4R
K, FERRTTR X R B R RE LTI , KRS BERIHG5k Z A 36 T5 A B B0 , B HPRES i) NHL % t i)
BEXT R A9 NH, & AR TR, R, EIRTAR X R A S R G P & REBR , RGP 515§ ) BE
P, R R 9 NH,-N g st o R, AR AL B AR , AT 30, Mo A S R A AR
1%, FEANZ Aphoxd NH, iy Befe F ™ 8 AR i NH B0 Bt , BT o NHL-N AT TN SR BE R 21X >
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2.1.3 RFEZFETFERHREE

X B PR XA [) 2545 [ T BVR BE AT AT, TS SR AN 3R 2 7 o BT AP i) NH," -N . DON 7l TN ¥ Jif
AFBEE, B TRETES, K8 2.17.1.34 mg L' f14.62 mg L™' , &ZEMEFN ## NH, -N F1 TN ¥ &
ERTHKMZE, DON WK F BEH THKZE B5F . HZF KFEHFW A NH, -N DON Hl TN ¥ E T4 %25
BAh , FETR H Y NO; -N ¥ BE TUZAR L, 2546 F(1.08 +1.16) mg L' Z [,

R2 TRAFFEMHFHRKRE (ngL™)

Table 2 Nitrogen concentration of precipitation in different seasons

Z=45 Seasons NH, -N NO; -N DON TN

#Zs Spring 1.74 £0.62b 1.16 +0.48a 1.23 +0.51ab 4.14+1.23b
EZ Summer 1.95 +0.63ab 1.08 £0.25a 1.18 +0.24ab 4.21 +0.83ab
#Z& Autumn 1.78 £0.31b 1.11 £0.41a 1.03 £0.27b 3.92 +0.72b
&.Z% Winter 2.17 £0.86a 1.11 £0.23a 1.34 £0.32a 4.62+0.77a

[F]—F AR F R F2ZEH50.05 BE/KFE  Different letters in a column mean significant at 0. 05 level ( Duncan’s LSR Test)

FEE KT A H MR, NH, -N DON F1 TN ¥R BEH0 R 7] 685 2 bRk O R FIHIE R R A K, HIK
WHILER , AFZRIE 25 DR, E]0shtEE  hEHY NH, 25 REAEEERRNE<H. X
REVNHBES AFHEERTSRERZNFN S, 2R, TR, 77 A6 45 5 2k 7t
o MR, BRI , HE JKE HHUESY i NH, Hl DON #5258 51, T804 W) 53 i ShAE W) B 1 fn - 3
PLYIIE L NH, 1 3 23 R B b T An bR, i 26 v] 6B 2 B 2= [ Hh NH,' -N DON HI TN ¥ B2t 45 ey i £ 2
JRHA
2.2 WA
2.2.1 A[A]HL R FE I RRR TR &

RAEESRIX —IE 58 X — KX # NO; -N 1l DON i
R EHA —E MG S, (A TS 25 NH, -N 3T
R B N IEARIX = X8 X = AKX (B 3) . FEI LR,
B TR, TN PR R RBIX ~mAR X > ARIX, KK
4 51.93.49.71 kg hm % a~'#]1 40. 14 kg hm2a™', #ji
BN 29 3l AR5 75 G (35 52 Wil e T ) TR, TR K
AR FEZRIETIRE R A R AL AE
iR o PRI B IR, N3G 30, Bik 3 MR A

8 NO5;-N
DON
& NH3-N
O TN

S (o))
S S

S VTR B
Nitrogen precipitation (kg-hm?2-a™)
)
S

AP | B Y
FHERCRAR, iz ZRpot NH, s mlieri ™ AT e 53K Nearcity  Farfomeity  Forestcity
PRIX R UTFE R AR T IR X B2 IR T R B

LA KRR PR B, B BT X0 X B i iy A ]
BRI R R S5 BT (57.13 kg hm ™ a ™) Fidkdt
R (55.7 kg hm ™2 a ") AN BRI UK T SR PR

Fig. 2 Amount of nitrogen wet precipitation in different areas

FHEAR/NEFRRRZERFIK0.05 BE/KFE Different letters

above the bars mean significant at the 5% level

b, HE T3 E R LK F 12 F 5 (16. 97 kg hm ™2

a ") R IR E R (18 ~22 kg hm 2 a™') , 3£ California B§H#F(30 ~35 kg hm 2 a ') KR HAK 2% (35 ~40
kg hm 2 a ") B2 BEFRENAME M EARIMER AES RERAZRANEERZZ—Y . —RIAN, &3
R R R 5 ~ 10 kg hm ™2 a ™' B, X FRK IR A S RGRA R ; G A 575054 10 ~20 kg hm ™ a "B, % F
BB RERA FI; GRS H 35 ~55 kg hm ™2 a7 B, B A FRUAESREY . REEEWIHRIE
I 0 LR T AR R 2 R KUK R B B R EBERRE 2~ BT EERETZ
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IRHLTE R R BAEA 28 TARM A= M E N, W THA KR BAESRET AR — &8 Hmzm & TR k4
BRGEHIG FAE , Qi K B R TR AT REXT =ik 2 X f 7K 1A A 25 R G0 7 A A FIRE I
2.2.2 [EWHARIESEX FIR TR M ST

MR ZUE S M R, FERT 9 NH, N X B TR Y STBk S 55 , 1531 45. 03% ;NO, -N il DON ffy
TURRZBILAAH L, 235311k 26. 89% F128.07% (£ 3) o H I, AR BEH SEMEFIZK H 9 NH, -N, 5 5B 532 Hh sk
HERETREIR AR R . %IEE] NH, -N T BT YA SFREE i A5 3, o= T A =% 4l
KR FFAA TR S, FHEM AL , 58 % & 2088 ] R REARFI /K th AU A B2 —

®3 TRABSENRBIHEENTRKE

Table 3 The contribution of different forms nitrogen in wet precipitation

NH, -N NO; -N DON
Y (mg L) RULFETTRA (% ) SUURE TR (% ) SRR (% )
Concentation PR (%) Contribution to % (%) Contribution to (%) Contribution to
Frequency N precipitation Frequency N precipitation Frequency N precipitation
NH;-N TN NH;-N TN DON TN
<0.5 20.43b 4.14e 1.87e 26.19b 8.18¢ 2.20e 24.42b 7.22¢ 2.03e
0.6 ~1.5 38.84a 20.12¢ 9.06bc 42.65a 44.74a 12.03a 51.66a 50.78a 14.25a
1.6 ~2.5 19.21b 30.63b 13. 80ab 22.6lc 31.35b 8.43¢ 18.41b 32.94b 9.25be
2.6 ~3.5 6.46d 9.71d 4.37d 5.46d 9.29¢ 2.66e 4.04c 5.53cd 1.55e
>3.5 15.06¢ 35.40a 15.93a 3.13d 6.44c 1.57e 1.97¢ 3.53d 0.99¢
by 100 100 45.03 100 100 26.89 100 100 28.07

[F]—F AR F R F 2 735 0. 05 BE/KFE  Different letters in a column mean significant at 0.05 level (Duncan’s LSR Test)

W O B B £ R VR BELE 1.6 ~2.5 mg L FIk T 3.5 mg L™ NH, N, AR YR EELE 0.6 ~ 1.5
mg L' 5 NO; -N Fi1 DON (i F X 00N B8 1 STk I 5, SR 4 R T MR AR5 (1.6 ~ 2.5 mg L™
i0] NH*—N ,0.6 ~1.5 mg L'IEI'(J NO, -N #0 DON)‘E%QJ#j((j(:J:3 5 mg L‘IE4JNH+—N) /INFO0.5 mg L! K
F2.6 mg L") NO; -N A1 DON B T S-S0 2t 1) R Ao 66 , B8 PRI T e T P R W B o o B
Ko EEEERRE, KT 3.5 mg L7 NH, -N BEFISURAL 15% 24, % NH, -N T8 1 5Tk 3 &5k 35%
S R R ) TR B T R SCRRUREE R B AR I 206 DX RAR X 45 349 W T Uk 3k 48 ¥, N N
KF 3.5 mg L~ BIRETIAL 7 0, 3 L ¥ tH 9L 2E S T 48 0
X, A B 0 5 b A T 5 A0 3 7 AR I 5 R BN BNOy EDON BN
NH, HERCTT R 36 , el AR M0 3R 5 T 80 4F LR o0 : b
B U, A R AN g R B, ST WL :
B A G IV T A S F 8L, T — R M wl TL
RN NS AR
2.2.3  RRZH PR RTIER

FE—F B, AFRZETERRATIRERBAR (R
4). JGigsE NH, -N.NO; -N.DON, it & TN, & Z=H) I

RO
Nitrogen precipitation (kg-hm2.a™")

R AR A AR, MKk M 1. 65.,0. 84 0. 63 kg hm ™2 a™' Al SEf Year
3.39 kg hm ' BRI (L NO; N filsh, HFE =%
F HBHETFRETN) KK 9.21.4.98.5.13, 3 AR R

19.05 kg hm ™ a™" ; 5 Bk ) 25 bif ¢ 0 2] 24 b T8 F1) 2R AH , . o

{u %%mi“ﬁﬂﬁ%ﬁ%?ﬁ%ﬁgmﬂﬂgﬁﬁ Fig. 3 Amount of nitrogen wet precipitation in different year
° 8B ‘ 7 T 7 ). MY B N o B EARNEFRHERLEREO0.05 B2 /K. Different
%géﬁﬂj‘*mﬁmﬁ?ﬁ% ,fﬁﬁﬁmﬁ‘aﬂﬂ Eéqﬁ letters above the bars mean significant at the 5% level

f923.7% ~38.9% , BER UL BAK ; RZ AT
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2.2.4 R[EAERRFE AT E

& 4 J2& 2005 ~2007 4FR TR 235 e 1 AU R . 7B [F4FE Z 8], NH,” -N NO, -N F1 DON fJ{iifE &
ToBZE2ER . TN FiFEE 2005 4E >2006 4E ~2007 4E, 43514 54.94 45.64 kg hm > a ' f147.16 kghm > a™',
B2 AU PR B R 54510 11.68% (NH, -N) .15. 90% (NO; -N) .11. 29% ( DON) F1 10. 12%
(TN) o BRAEFIAN , AR 2Z (6] BERE T 213 b T8 ) AR DTS R R AR AR E 1

®4 TEEVHTHATEE(kghm?a™)

Table 4 Amount of nitrogen wet precipitation in different seasons

245 Seasons iﬁﬂiﬁ:&f NH; -N NO; -N DON TN

#75 Spring 95.63 £51.4b 5.43+2.13b 3.91 +2.58ab 3.72+1.98b 13.23 £2.25b
37 Summer 156.10 £42. 0a 9.21 +2.40a 4.98+ 1.29a 5.13+1.47a 19.05 £3.27a
k2 Autumn 98.96 +£29.3b 5.28 +1.83b 3.15 +0.74b 3.06 +0.63b 11.46 +2.40b
475 Winter 37.05 3. 4c 1.65 +0.66¢ 0.84 £0.25¢ 0.63 £0.27¢ 3.39 £0.69¢

[F]—F AR F R F 2 735 0. 05 BE/KFE  Different letters in a column mean significant at 0.05 level (Duncan’s LSR Test)

2.3 FBEWSRBIFERLR
FASR MR, FEMT AP ) NH, -N \NO; -N . DON FI TN ¥k SRR B T R E MK, HR, ENESAN
MR R B IEARR, SR RO, VIR S A M AR BE . XIAFRESHAN S, W HEETE y = ax
+b Fom, ARFIFARBAFTE (H4) . ATHFFRERLEMT I KEAMGELS

51 = 3
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Fig. 4 The relationship of the amount of rain fall and different forms nitrogen
3 &
(1) TP B K AR 3 A Rob K A I Y (3,94 £0.50) ~ (456 £ 1.01)
mg L', 5F-45(4.27 £0.73)mg L', NH, -N.NO; -N 1 DON ;5 TN {43510 44.9% 27.4% F127.5% .
(2) e 1] RE B, A RIZETTRER R E 2 A B FTEER, 2P NH-N > NO; -N~DON, FiK
FEIEEREE R, AT KR EEFE FFNKTE, EEE M L, 8K TR X R X # TN
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IR BE SN 4.56 4.32 mg L™ 3.94 mg L™, MIERR X BIAK XA 72 M AR R 2
(3) BRI NH, -N NO; -N . DON 1 TN ¥ 5B R B EMRME, B, HEWESANMERERE
B,
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