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Nitrogen Concentration and Nitrogen Isotope in Epilithic Mosses for Indicating the

Spatial Variation and Sources of Atmospheric Nitrogen Deposition at Guiyang Area
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Abstract: Tissue N concentration and 8 N signature in epilithic mosses were investigated along 4 directions from urban area to rural area at
Guiyang city. Mosses N concentration ranged from 0.85% to 2.97% and showed significant decrease from urban area (2.24% +0.32% ) to
suburb (1.27% +0.13% ), reflecting the level of atmospheric N deposition decreased away from urban. While slightly higher tissue N re-
emerged at rural area beyond 25km (mean = 1.33%-1.75% ), suggesting increased N deposition occurred in the rural area. Mosses 8 N
values varied from — 12.50%o0 to — 1.39%o characterized with getting less negative from urban to rural area. More negative 8 N signatures of
urban mosses (mean = — 8.87%¢- — 8.59%¢) mainly indicated the extensive NH; sources released from excretory wastes and sewage, while
mosses growing at farther suburb or rural area had less depleted 3°N values (mean = — 3.83%oc- — 2.48%0) , indicating the large sources of
agricultural NH, emission connected with fertilizer application. Moreover, the pattern of mosses 5 N variation in this study was opposite to
areas where N deposition was dominated by oxidized form N (NO,) with generally positive mosses 3°N. Accordingly, we concluded that
reduced NH, was the dominant N form in atmospheric deposition at Guiyang area, which would be of great value for understanding the spatial
variation and sources of atmospheric N deposition.

Key words: atmospheric nitrogen deposition; mosses; nitrogen isotope; ammonia; source
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1.1 HIRE#ER

Bt P A0 AR S I ME 55 R B R X,
At 2 K RUTER BE R 2 —, ¥
MEP 1250 m, £ T B S5 900 ~ 1500 mm (F 2
1174.7 mm) , 452798 B O 15.3°C, #8%4 18 & (RH)
Fii5 86 % .38 F # I BE . 75 I B [ K A0 AR S
WX EHEYRAFEE HZ BEHFRE
BEMASUTENRFAF. FAHTRAORE
2000 4F #3430 000 A/km’, i 124 220.31 km’, B2
2929 12 ~ 20 km.
1.2 HmREMLHE

T 2006 5 3 A W\ 5t FH T X 43 51 B4R b3t X 5
Pidb(NW) ARIE(NE) (P 5 (SW) AR R (SE)4 177
mALE 175 MO EESER(E D) SRR
HKH KN AE /N F B Haplocladium microphyllum
( Hedw. ) Broth. 3£ M/ 3 2% Haplocladium
angustifolium ( Hampe et C. Muell.) Broth . ¥8 M- 35 #%
Brachythecium salebrosum (Web. et Mohr.) B. S. G fl
F JK#E Eurohypnum leptothallum (C. Muell.) Ando. ¥
hR A DHEMBEY PDHER TR
( Haplocladium ) , —# RAEMEE LA B/ EN, &
BEEHEDEBE K 2RARD I AR EEMN,
A FHRABT R KES BRI RYMRT £ THF
BERTEM 2007 4F, Lin &% B 8 T 400/ 3 8%
SR i X KSR e 28 A B4 mig B, TA R IR K
SAMATEARIFWIE S IRE . EHeEmx
KEERBTARKE,BEMNHRIMHEKNE
B, B 1R 2 A8 080 4 B AR AE (A0 T 5 A0 FH O B
), B2 R X 8 R A B R

ARSI B R 2 FR KM
BB AR R R U R e AR (At
O W EYHEM RS M BEEREK
THREHELHRE(FENAKE)RE, BHE H b
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MR RARBRRKGE, R HEEFK(Milli-Q)
BB v vk LA TS 25 Ik 3% T R MY G 2 A0 Bk L A
CEESTRAPHRTERABARGHESS,H
BH THRABTFITEMEME S

Fig.1 Location of studying area and mosses collection

sites in Guiyang area
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BR1E 1.27% £ 0.13% H BEAE B 1 0 20 ~ 25 km
FIFE R, B, FFE i P .08 MR N X (&8
30 km EHRSEHABRHEF (FHMEN

1.33% ~ 1.75%) (£ 1) . BEEES NEHTITEEH
- 12.50%0 ~ - 1.39%0, ZALHFAE AT XA N, B 4b
BHEENEL.

®1 RABRATHOENESkn EERGEERR S RNAE I RME

Table 1 Data of tissue N concentration and 8N in epilithic mosses within every 5 km from city center at Guiyang area

o BEEODW)/ % IR K /%o
BB /km B (n) FHE i ) {0 76 B I o i) {8 71 6 F
0~5 48 2.2410.32 2.23(1.58 ~2.97) - 8.87+1.65 -8.70( - 12.50~ -6.01)
5~10 43 1.80+£0.38 1.84(0.95 ~2.83) -8.59+2.28 -9.17( - 12.30 ~ —4.04)
10~ 15 32 1.62+0.34 1.61(0.85~2.17) -5.76+2.43 -4.73(-11.20~ -2.16)
15~20 17 1.40+0.21 1.38(0.95~1.74) -3.78+1.45 -3.46( -6.91 ~ -1.61)
20~ 25 9 1.27+0.13 1.28(1.06 ~ 1.43) -3.83+0.82 -3.56(-5.54~ -2.97)
25~30 9 1.33+0.13 1.33(1.05 ~ 1.50) -3.55+1.04 -3.52(~-5.08 ~ -2.00)
30~ 35 6 1.56+0.12 1.55(1.41 ~1.71) -2.80+0.95 -2.73(-4.32~ -1.54)
35~40 4 1.50+0.25 1.49(1.22 ~ 1.82) -3.33+0.89 -3.39(~4.35~ -2.21)
40 ~ 45 4 1.75+0.17 1.76(1.55 ~ 1.93) -2.60+1.05 -3.17(~-3.82~ -1.47)
45 ~ 50 3 1.68 £0.31 1.71(1.37 ~ 1.98) -2.48+0.95 -3.00( -3.06~ - 1.39)
N R TSI RS AR .
P > oY T3
a
3.1 HEAS R KB X KSR R % E
AL FRAE & ab
HEMREHERSBTAMEEN 0.85% ~ fg” be abe e
2.97% , B EE(2.97%) HMERKX 0~ 5 km & H 2 be
(B, ZEHETRKRKATLEKFERN 185 15
kg (hm’+a) 'BIE B Velmerstot #i X I 15 1) B & & A
N .0 L )
SEREEEMHE(2.31%), M&KE(0.85%) 5 B UL Mo s 1o ;E;;;mr mmmﬁ; 0 45 50
i
K¥H 11.51 ~ 12.54 kg (hm’ *a) ~' 8 E Elbemndorf o s 10 15 2 35 s w45 5o
F1l Haard 1 X & 25 R & BB AEMH(0.71% ~ 0.84%) 0 T
LS EHETFHREEEILTESRAREERER 21
EHE(0.6%) X ATRER BB KBS K £ 4 Rl
BIANHEEEE® AR, g i be
BHASRETHRTAVEKEMELNE 54_
— b
EAAR A E RS B R K AR wl] I :
BIR AL BUME . BT 0 ~ 5 km 75 Bl & 88 29 3 L ® RALR

SEBREMHEQ.24% :0.2%) A THRAEARS
BRKARUIRE, I BV E AT X ESRHER, &
A B AER 0 20 ~ 25km R BE S FE B[ A 2
(a) ], X S AT T X BRI & 3B XK B8 38 15 oL —
B .740,2006 4F 10 B AT X WK SR (NH
NO; )R (4.72 mg- L") B B 8 FRBIX (=~ 30 km)
FIKAWE 2.23 mg L' (IR ER) , AN —ER

REKETRTHAATHERFABTFYERBEER,p <0.05
B2 FAMEATHOENES kmERE
REERRASRARAFMUREREMXRE

Fig.2 Characteristics of average tissue N and 8"°N signature

in epilithic mosses within every 5 km from city center at Guiyang area
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REXKSKEREFEEHR 29 pgom ™, BITEL 49
kg (ho’ o) '"HWFHG AR EHERASE®IEX 3% ~
5%, MAEBEFRES 300 m KKERERMEE 1.6
pgrm  RBUIFES 11 kg- (hm®-a) ' B 7, H &R
SR 1.3%,50 km LAbEH EHE N 0.8%.
Jauhiainen " E LR AR B R G @ R % #
( Sphagnum fuscum ) B & B S B IR N[0 ~ 100
kg (hm’+a) "I AR AN F 1B KT 3%).
Mok, BRI F R FH B S KB FTRIAN 2% 1
BHASETLEN 20 kg (hm’-2) ' KR AU
B 8RBT 48 MO e B, ORI A IR
RUTEKFEE 2T 10 kg (hm’+a) ", MR FHZE
el (Y B A ARG (AN A R RE RAEHYD A
ViR bR fEE R 5 ~ 10 kg (hm®+a) ', AT X B2
KR HBUTREK ] >20 kg (hm’-2) ' JE 2T &
AR B BUTRE S AFE 10 ~ 20 kg- (hm’-a) ~' JFIR
PE ot ARE R B DT R AR (15 ~ 20
kg (hm?+a) ™' 1" B, 45 S 5 PH b X R0 I MR 9 8
EFREX AR X X R T R E S R AT S
AAEEEX.
3.2 BHARMEHERAMABX KKATREYE
BRI
RENEATUATHAARNASEREEE S
FARRBRMFRNEARGFAREZS B, &
ERBAERBEM TN HEHRFLERARLAT
R sl A R B B RIS 4 R IRE 2(b) SR
X0~5km EENBEEHNTHE(-8.87% =
1.65%)5 5 ~ 10 km B M E & N E
(-8.59%0+2.28% ) H B EZEF(p<0.05). X4
BN EHRRANEARRBTTX S EHE
ZRKE(NH ) WA KES, MEZIARXRIIES R
AR (NO,) /N, X5 Xiao 1 W75 5 10
A X W 7k 8"NH, ( -12.2%0 + 6.7%0) tt 8°NO;
(2.0%0 + 4.4%0) NI G R Y & . T X 283 X 8%
(NH)BREBE FERT XA S H MY E (3°NH, N
- 15.2%o0 ~ 8.9%0) FI3k 17 15 /K & (3" NH, 2 - 15%o0 ~
- 4% AR BN, TERFEE T HRMAMAE
KR EMEPEA S BRE, MIGKHLEREE
FEHM(17.2%") . 2003 FEH BT R KR EEEH
KT~8pgm > (FH 7.6 pgm™’, KRR, #
i Pitcaim & B E SR A KK ERIE AHTE

8 pugrm™’
BB 10 ~ 15 km B X B #E S NEYE

(=5.76%0 +2.43%0) BT X Wi B E4E N, B8 F 1y
AETE(1.62% +0.34% )WIFHERFEM(E 1), FER
BT X 2 X A2 B T X K B R K A B R R,
5, KUK AT seE TERNT BB ZHEERG . RHE
Bl 2(b),7E 15 km DISPEIRB X FIAR AT X, B #E SN
EHME (-3.83%0 ~ -2.60% ) A B EL R (p <
0.05), H4H A FE Rk TR A (3°NH, H
- 5%0 ~ 0% ) W BT MK . JLHLAE 25 km DASP B H1 X,
EHASEH ARSI S B R XL XL NH,
Bemog (& 2(a)].

FAX T X E#HERAF G ER N X AL
WX ECNMEARESEANRT X SRR
L EBFFR LR MR . Pearson %[B]E%@@aﬂl
KRBT AEEHERFLERN 3.66%0(2.07%0 ~
7.3%0) , EERIE K T X 358 HEAL K NO, , R IX
MR E R - 12%0 ~ ~ 2%0, TE LW NH, B
R 57 56 3 sh ) HE 90 NH, 8 & B9 58K . Gerdol
25 3¢ B K B Ferrara & 1 12 4 1% 8% ( Tonula
muralis . ) F)BF 5L 45 5 (S TT R - 3%0 ~ 2%0, AT B X
K~ 2%0 ~ —T%0) WLAR BN T LA A TV I\ A9
ANOHHE I, R UKV ERK AN E . HI,
SHERNO )R FHBTHER, ARTFE
BRI R AR IE R T ST X KR B UL
DL ULRE (NH, ) 0 £, FERE I A E Het 9 F13%
w5 7K, 1 A2 38 A oMk HE sl i E Ak S & (No, ) Tk
L
3.3 BEERF A E
KA

IR & 8 R 7 AT LUK K S B ULRE B LAk
UURE (NH,) iR B LAEA Z(NO, ) UTRE A £, HIFH
FHRSEABESREAUEARMNFAMLEAR, —
BMSEERMEHEEE N (£2).%1 iR,
RHETXMERNOEERFACEARY A
(- 12.50%0 ~ —1.39%0) ,iX 5 LA NO, DLFEH I 35k
T 83 &8 AS &), 41 4 48 B0 X R K 5 NH, -N/NO; -N
ELE X 0.27, KREBITHELL NO, o £, 3 & ¢
AR EHHEME™ (F£3). B, K48 (NH,) %
AREHAAMXEHERSBENRARVERANE
ZHENH, BREMXAKSEVEPHEEAES.

L5 15 Kiao %50 I 8 B #E B TIT IX 7 K B SO
SR (3R 1.25 mg L' #13.81 pgrm™ =
1.64 pg'm ) B THAE (435 0.86 mg L' 0
3.03 pg'm ™’ £2.48 pgrm MM, MAFRPH

RAKRVLEN EZRLE
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KEHARMEAR (K 1) 5WAKSNH #E
(~12.2%0 £6.7%)—3(F 2) FL |, KEE L #
RALA B UiIE R £, E B R B &Mk i AE R I8 T A T
JBIK B E R , 1990 4F 6 B X W I & HE & 4 5l =
£1.9~3.8Tg f12.3~5.7Tg"™ , 5 WM B A HME
H55% 7 B HZ ST RENTELERI BT E
HAFRNEARBHABRA NCEY -7.3%). 5 —F

T8, Bt P X DL TR A T8 53R TT RSP R
NO, & B H #:4H56,2005 4 5 AT X 28 5 NO, &
/R 20 /.Lg'm_a[zs} ANBEE FRER B E R T X
HEMCEH 17.3 pgem )P HIFHT 864 T 5 M
WX AR N, AR B, I B EIS R L) &
1997 4E B #3826 M ,49 % B3R 7 /B R B B RS
T BRIEAE N TGRS, B/ T NO, IHERK .

2 TRAHFRRASERERSEOBSRF S NE/%
Table 2 3" NH; and 8'°NO; in atmospheric N deposition at different studying areas/%o

HREX 8'SNH, 8 NO, Xk
HETX ~12.2+6.7(WK) 2.0£4.4(FFK) [14]
& Jilich —12.0 2 1.9(FK) 2.5+ 3.0(FXK) [16]
EXERHMNTA ~3.422.1(FK) 2.3+ 2.4(FK) [19]
xH -9+ 8(KIEM) -1 3(KEK) [20]
EEMP R K —12.5~ - 6(FF3 - 10)(KZ NH,) — [21]
8 H Julich ~-5.8~ —3.3(FH -4.8)(K7& NHy) — [16]
Bt — 2~ 10(F# 5.7) (5% NO,) [22]

AN, EBERFME N ELET U R
UURE B R RUUE T o L B A A8 4K . 2006 4F 10 A £ &
W37 X F/KNH; -N/NO; -NELAH 4 4.72, 1 [/ — &
BB 7T X 30 km AL R4E B MK NH, -N/NO; -NH{E
F3.67T, MM EEHRFLEM -8.87% F = £
~3.55% (% 3), R F T X Mx, i XK I\ &
(FEN) X KRB VIR ST ECE BT R 2, TR k&
(A% B N) B STECE BT 3 0 i VL 5 B AN R

BHRRETELAA S SR EERAFAMNERADY
YL (3 3) . Solga ') it 78 [ 3 B4 I 1 BR7 4%
ARFY W b B 3 X 7R 25 8% ( Pleurozium schreberi ) FIFEHE
&F ( Scleropodium purum) WP X R, FE KK AT
W& NH, -N/NO; -N Ho {8 7 &5, & 8 RUR) v 3 (&
11 . Bragazza "7 1 & BURK W 11 4 H 5 f V8 5 B
( Sphagnum ) & R L K B K U1 R 4 & & B 5
R TR A R AR

R3 TAMEASEANELTAIESEANBSRILEMEHEI NI
Table 3 Mean ratio of NH;* /NO; in rain or total N deposition and moss 8"° N at different sites

HREX Fh NH,' -N/NO5 -N BB NI%o STk

& b, X 1992 ~ 1994 0.27(T7K) 3.66(2.07~7.3) [13,23]

3 B A A R AR R TE AL R X (P ) 1999 ~ 2001 0.87 ~ 1.90( M Vi) ~2.86~ —7.89 [6]

B 11 MEEK 2001 ~ 2003 0.5~2.5(BUk) -3.5~ -8 [7]

FHET KX 2006 4.72(FK)P -8.87+1.65( ~12.50~ - 6.01) BB

BB X (=30 km) 2006 3.67(MAKI" ~3.55+1.04( -5.08~ -2.00) AHRE
1) ZFEREE

) (-12.50%0 ~ —1.39%0) ,{A T X 5 2B X 5k 4% 1+ H#i1 X

4 #£ig

(DA X EHRASEN S AFERT R
BT O X RSB DR 2 R ARk T K B, HE4h
B, R R E B AR T b 20 ~ 25 km IWEE
BV, T 7E 25 km DAAPEIRB X AR A 1 X B F 4%
WEBEREIMSFBRKBEIOE L REHE A . G
H. R ARB > HXETEKEE LI 10
kgr(hm'-a)™', T # 4 H XK 2 £ 8 & 20
kg: (hm’+a) ",

QAR XEEHERARNULEYNAME

EZHUR , BABT RN EAEARMHKSERE. T
REERFNECFEH -8.87%0 ~ - 8.59%0) LB
A~ KB IR T HE M M TS KR B &R, T RR X R R
X EBER R E (F3 ~3.83%0 ~ ~2.48%0) &
BERARIVEFER ST

(3)BFAT X E# A R AL AR 30 X AR A X
F A FRE 5 E AP AR A R (NO, ) UTRE O E B3R
(T X ARl XKD A8 R, B T 8 DT (NH,)
REMAMXKFLAVTETWETEREDS, ELER
(NO,) By STHRER /]S .
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DO EERRCRNEARBRT KR
RULFEF 2 M EBET & LBl s = A8k EE AR
MRMATXESZH IR (FY -8.87% ~
-2.48%0) B T & UL o i DX R IR ) 82 LL B 2 7
T W, T AR ol S R Y B T AR o
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