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Determination of nitrogen deposition in throughfall using ion-exchange resins: a

field test in planted coniferous forest ecosystem at Qianyanzhou
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Abstract; Throughfall is an important pathway of atmospheric nitrogen deposition into forest ecosystems. Qualifying
temporal dynamics of the atmospheric nitrogen deposition via throughfall is critical to reveal nitrogen cycle in forest
ecosystems. The traditional method for collecting and analyzing throughfall nitrogen, i. e., the throughfall-gathering
method, is labor intensive, and it may induce large uncertainties due to the spatial heterogeneity of throughfall and the
instability of the chemical solution. In this study, we tested the feasibility of using domestic ion-exchange resin columns, a
labor-saving method, to measure throughfall nitrogen deposition at a subtropical planted coniferous forest ecosystem. A
laboratory study was conducted to investigate the efficiency of using domestic anion-cation exchange resins in absorbing
dissolved inorganic nitrogen and the efficiency of 0.2 mol/L KCl in releasing inorganic nitrogen ions back into solution from
ion exchange resins. Results showed that domestic ion exchange resins could extract more than 99% inorganic nitrogen ions
in the standard series solutes and the 0.2 mol/L KCI extraction efficiencies were >90% after three times of extraction. A
field experiment was conducted in a planted coniferous forest at Qianyanzhou station, where both the traditional rainfall-
gathering method and the ion-exchange resin columns method were deployed. Ion exchange resin columwere used to absorb

nitrogen ions in rainfall and thoughfall. After a month exposure, the nitrogen ions were extracted out from the resin columns
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back to solute with 0.2 mol/L KCI. Results indicated that measurements of the two methods were in agreement with each
other throughout the whole year, confirming that the ion-exchange resin columns could successfully detect the seasonal
dynamics of wet nitrogen deposition. Further, the ion-exchange resin column method performed better in discriminating the
amount of nitrate and ammonium composition, owing to its ability in capturing ions by the functional groups with different
electric charges. Therefore, this ion-exchange resin columns method is practical to be used at remote sites. According to the
measurements of the ion-exchange resin columns method, the total annual inorganic nitrogen deposition in throughfall in
Qianyanzhou planted coniferous forest was 9. 19 kgN-hm >-a”'. | similar to the neighboring natural coniferous forest but
lower than the broadleaf forest. Inorganic nitrogen deposition showed obvious seasonal variations within the whole year. The
nitrogen deposition in throughfall at Qianyanzhou peaked in May to July and ammonium accounted for more than 80% of the
total wet deposition, which was mainly due to ammonia volatilization after the rice topdressing. In addition, the
decomposition of animal carcass and plant residues caused by the high temperature and humidity also contributed greatly to
nitrogen deposition in summer. In January to February, due to NO_ emission as a result of burning coal for heating, there
was another peak of nitrogen deposition in throughfall, with nitrate being the dominant form. Nitrogen deposition in
throughfall is linearly correlated with precipitation in Qianyanzhou planted coniferous forest. The annual precipitation in the
study year is about 450 mm, lower than the mean annual value of this site. Therefore, the nitrogen deposition at this

planted coniferous forest site is likely more than 10 kgN-hm *a™".

Key Words: nitrogen deposition; ion-exchange resin; throughfall; planted coniferous forest
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jﬁ:‘ﬁ&;‘g N03— 5‘:1] NH4+ E@ﬁiﬁlﬂ;&,ﬂi&’lo g’71’7 ISJ%%% 2.0 99.2 + 0.3 99.2 + 0.8
SSHIER 10 g732 FIBS T 3c# Mg %S 6.4.2.1,0.5 iy parte moene
mg/L IR G FRUER TR NO; F1 NH, 1) B HE 75

HRIXEN 99% DL E(F 1),

(2) BFHMAREMRE 0. 2mol/L (¥ KC1 ¥BON 3840 J5 MR I #E AT — IR 32, NO; Al NH," B [RT i
AT HIE 30% F170% /245 IR REE NG NO, #1 NH,” (R 2 IR B3N, @i 3 REHRE 2mg/L
YR LLT REHRE K o NO, i NH," /) BISCR#ERBETR B 95% LA L, i 6 mg/L il 4 mg/L WA FEK H NO,
FNH, 1 EICRWIES] 90% DL (£ 2) .

F2 KCl AR (mol/L) X E FRBMIE RS RS S E A E B
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/(mg/L)

1st extraction 2nd extraction 3rd extraction 1st extraction 2nd extraction 3rd extraction
6.0 33.2 + 0.3 77.5 £ 0.1 93.0 £ 0.1 67.7 £ 0.5 76.9 £ 0.1 90.9 + 0.7
4.0 32.6 + 0.4 77.1 £ 0.1 92.9 = 0.1 67.9 = 0.3 77.6 = 0.6 92.8 £ 0.7
2.0 31.9 + 0.4 76.9 = 0.4 96.0 = 2.1 70.8 £ 0.6 84.3 + 0.6 95.2 £ 2.7
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0.5 34.2 + 1.5 76.5 £ 0.5 95.5 £ 0.5 86.5 + 4.0 94.0 + 0.4 100.0 £ 0.0
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WARVIEERES ABMT AG&ES, X 2 M RTFER P RS A S BEIL 80% U E(E4D) . %
H DX () W ZE RS AR M R AR 4 AR 7 A A, PR RAEE B R R ERKE G TSI ERER
NH, ¥4 "% 3¢ B K 1) NH, shA 90% 2k P MBRYE FA#5 bR NH, ,84% f NH, DL NH,' B 75 Bk A 47K
P X TATRER TS S AR T ARSI HSAER R SN EERR, BAESERS JBEA,
F T SRR AR RN , K NH, NO, &S R4 K R A VTRCEEN MR R ™ . M A TIHGE
BIEAZEN 1.2 Afdu B E i, 7T RE 5 24 % K BB NO, A X . i ml I, B g ol
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SE SR LS BT U 3l XN T8 AR R TR I 2T AR AL AL o

®3 RERMESRETFERPRIEER
Table 3 Nitrogen deposition in throughfall in different forest ecosystem

Eﬁﬁﬂ%ﬁ Preciiﬁf;imm ;ﬁ'ffi TINﬁflgﬁﬁr;i flux iﬁiﬁ
/(kgN hm=2a-1)
WIm3E K H Caijiatang, Hunan 1232 TR R A2 AR 33.7 (23]
JZR IR Liuxihe, Guangdong 1620 PR I Ak 11.9 (23]
VRN Xishuangbanna, Guangxi 1557 R I 10.97 [31]
2y YT iE JL 1L Maoershang, Heilongjiang 723.8 MEVERY 9.1 [32]
P JI| -2 Pingwu, Sichuan 805.3 EIHERR 3.75 [33]
NN 4.79 [33]
P N 5.22 [33]
FEHE T Nanping, Fujiang 1637 NTRAM 9.1 [34]
YLVE A 111 Dagangshan, Jiangxi 1300 ATAAM 9.78 [35]
TP T-4HYH Qianyanzhou, Jiangxi 1392.0 NTHRAM 10.1 [36]
TP T-4HYH Qianyanzhou, Jiangxi 1034.6 ATk 9.19 ABEIE

3.3 UM TE AR R TR B fof

— AN, BIAHLRTUE/NT 25 kgN-hm % a "B}, KE MR B E AT RGP, i %G, & st i
AU (B SEUGAIE B , RUTREE 10—25 kgN-hm > a ™" B30 B PO, 0K A 25 R 45 10 U HH it &t BSR 2
JRBECSPY SRR FEV TR P S R A R R R BB R, 2008 4E 6 A ] 2009
S5 H, THEMA TS M AOEE BT AR E RS A ZIBYIE 9. 19 keN/hm’, i T I A T4 MM 25
WAVIHGE R 5K B2 A EBEREMXKR (B S) , A58 A KAER KR UE 1034.6 mm, 4
SESP- B AR Y 450 mm, R T MK 38 28 OAEGY B T op I 240, 200 TR RUTMGE B 28 BT fin, B3 sad 10
kgN-hm *a ' WIEVTFEIG FLME . R EANGE X TN e H kA 5 R G AU AR 5 0 445
EWMBFSE , LA E A R ZEIRES RS M7 B ARZS, AW B AT i AT K E R B BT HMA T
SR R E A I SR 0T
4 Zig

B 7= 717 1732 B FAC Bt it Al 25 R AR S R A SS BB R Ak 99% LU L ,0. 2mol/L g KCI #2253
WRRSG , X A e 5 4R IR U7 90% A b B T30 B S v T DAR A7 b R B K S ARG E B &
HZEATARLFHE , 7 BAERAE A B K Bt BB AR - b I 2 R TR I LR, 2 T BF APl SR R B AR
DUREE BRI B B o (ESRTEEF NI A , BEARIE BS F 3C B A JE A 1 — 8 =1 B2, DA /K P I AR S R
BRRSETFRIEZTE L.

TR TE RSB A TIFGERE N 9. 19 keN-hm *a ™', 5K B Z EIMAERE . AVIFERAE
SAE N BRI, H ) 5—T ARMAZER 1—2 AGa5 B ATMCE & ik, B E S AU ES
ANE AFUMSENE. TN TE ARG E TR UTRE B -5 R X e AR S 3 T A UUHE B (EE
AL, AU T I U X AR ] b 2 425 T R R BB K , T T 4 bk 23 T TR /K F- B 7T R B3 S Bk AR
ARG R BB Z I s R
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