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Determination of Dissolved Organic Nitrogen in fresh lake water: method comparison
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Abstract : Dissolved organic nitrogen is an important component of dissolved organic matter in natural aquatic sys-
tem. But little is known about its characteristics. This study compared two common methods for DON analysis: per-
sulfate oxidation( PO ) and high temperature catalytic oxidation( HTCO ). The results showed that both methods had
their own merits, but better results were obtained using PO method. PO method resulted in higher recovery for vari-
ous nitrogen-containing standard compounds( 96.0 =3.0% ,excluding heteroyclic nitrogen compounds ), and rela-
tive standard deviation ranged from 6.2% to 12.5% . The HTCO method yielded relatively low recovery( 68.4 =+
13.6% ),and needed further impovement. This study would be helpful for the study of nitrogen biogeochemical cyc-
ling in aquatic environment.
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inorganic nitrogen, DIN VARAF T TDN B SE 75 SR A K, — Bk A A 435 PO FIEE M4
1) 55— Nl A A, Sharp % * HRIE T 24 ANSTIG % E I RE G DON 5 fk i 45 5, 5 B0
FOT RN E A5 RTC 35 28 7 (B AR RRAL = Ak b, B R I i3k W VI 7 NO,~ Ity ok 9 22 22 X DON
ZESLMERE P T YK ASZIE. Bronk 557 HLAR T =AC PO AN AL AN IR ML ISE TDN ()7 3%,
KB PO 5 i B AR E S R EEAR W (AR AFAE A BE TS 0 B AR B AL & RSB, 5 BB A5
g 7K )X L7 5 0 TIRK H DON B , 45 R AT RE A BT AN, A [ YA O TR AR DON ¥
JEE 555304 (94RO, R WL DON 52 J7 6 1 BEAIG HLRFAT.

PR AR SCXR 7K H TDN (9 AR 5 75725 , B PO R HTCO YEIEAT TR LU s TR LA | 38 5 X R 7K 181
TE/K R TDN B i FIAS R 25 A JCHLA & B E |, P /KT b DON 5 4 1 7 v 10 e P4 A1t
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Fig. 1 The linear range measured with urea standards for PO and HTCO methods

1.2 MEHZ*
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Tab. 1 The ELEMENTR instrumental parameters for the TDN analysis

SR A HAWHE PR AL oRIES R0 R
BEE EaA( >99.99% ) 199 ml/min 0.5 -2 ml Ce0, NDIR I T

122 FEBAGEENNE RAGTERME T HEAEEm 2 " AR 0. 007me/L; il fih A
PR A8 7 vk R ik @ A B A 0. 1 mg/L, WEASRRER 2 &t AT 2 5 i AR G 40 Ot B @, i
4 0.003 mg/L.
1.3 AESHMNNE

B LURE bR UERD e BE 2251, I 2 PO ¥: I HTCO 12 B 2R PE YL I PO YL MM 2515 0.0,
0.2,0.8,1.6,2.0,2.4,3.2,4.0,4. 8mg/L; HTCO ¥R £ £514 3.0,4.0,6.0,8.0,10.0,15.0,20.0,30.0,
40.0 mg/L, WA 1), I EZE FE( 25 FME = A y fill AR/ AR gt ) Rk T BRC 23 1 (E P AR D
2 =) REARMEIE T =K R MIAE 5 AL, fHE PO ¥ HTCO ¥:64 H PYAIH [ 25 5.
HWR B — RPN E A RIE S AR ER G Y (H KNO, NH,CLURE AR ANER 4 - 5%
FEHLARFN EDTA, B 2285 1ok BC i ), %5 e PO B0 HTCO MR J7 b vt A R A AL & By e, K [F AP R4k
BN R B EI AR B2 . SR LAASRITE R AR o LU BAS [R] 9 1 W VIR KA i D 48], 1+ DON
SEITEERRE B RE , LA XA AE R 22( RSD ).
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T 15 mg/L i 16 P O, bRl ph 28 e MRS FITE 15 mg/L AT, 75 I 38 B HEL, R 25 e 4 10 TG AR W 35 AH 6 R?
= 0.9993,n =6 ). PO WEARUEMLR AR PETE [ 1L HTCO ¥/, 76 4 me/L BLF. 76 MG R L, JR 25 vk BE AL
W C R B A R = 0.9998, n=8).
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Tab. 2 The measurement precision for PO and HTCO methods by urea standards within day and between day

Jiik 2 mg/ L 4 mg /L 8 mg /L 40 mg/ L
H N H IE] H N H IH] H N H & H N H IE]

PO 0.02 0.04 0. 006 0.01
HTCO 0.20 0.32 0.38 0.59 1.13 1.08

x DIBRMEM22( SD )Zm , M REL n=5.

O S RFEEREA E B sk M, B s OR-S S HP1100.
@ FZEEZARE GB7493 - 87.
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Tab. 3 Blanks and limit of detection( LOD ) of PO method

as calculated by the regression analysis of NO; standards

WHC PREEy JhE BRZiRbR

25 F{E( mg /L)

1 0.0141 0.2065 0. 0683

2 0.0111 0.2122 0.0523

3 0. 0064 0.2155 0.0297

4 0.0085 0.2147 0.0396

5 0.0075 0.2162 0.0347

6 0.0122 0.2138 0.0571
o it 22 0.015
o U B 0.045
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213 %5 FEANR
T ) BE 22 1), % T PO vk — 3L 5E T SR bRt
Mgk TR FEINEE 3. 2915/, PO A A
B2 fE A 0. 05 mg/L, % FR 2 0. 045 mg/L
(F£3). FI A LMRER 0.045 -4 mg/L.
HTCO ¥ B F 57 RGN 45 1) 2 0 AR, 76 LA 41
KA ES AT I A AN ) W TR AR, FEAE
RO /NT 2 me/L i) RSD #5311 10% . HEALAS
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2.1.4 AAFEMN A WH R RIKIET )
TR HLRUR T R 52 2%, DR RS, 90000 5 5 ¥ 0
ENTR ORI . A R Iy 2
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Tab. 4 Percent recoveries of nitrogen-containing compounds for PO and HTCO methods compared with KNO,

~ e |l (% ) e e % My (% )
fe & ) (mg/L) PO HTCO fe & (mg/L) PO HTCO
JRE 2 95.2 4 - FHAZRE AR 2 37.2
4 100 71.2 4 43.4 59.2
8 82 8 64.2
40 87.8 40 72.1
KN 2 91.8 HHER 2 95.9
94.9 52.6 95.6 54.5
53.4 58.1
40 65 40 67.7
LMz 2 91.2 AR 2 100. 1
96.7 54.9 4 98.5 89. 1
55.1 8 86.5
40 66.7 40 91.5

SRFI{E £ SD

96.0£3.0" 68.4+13.6

ar RTFA 4 — GIL LR LEAREY [ R,

[ DU 22 L 2B BEARAN 37% —43% ), PO % HoAh 45 E AR HEAL B 0 TR 85 F 91% |, 55 4H G SCTik
BISE AT PRI LUK B 2SR B W, 2438 E WA R 3, B b — AR, IR IR 228 LU bR i
WA 37% —43% KF , 240 E AT RE A Pt FRER Ak, R PO AIE Al E 2R AL &1
KA RE . McCarthy 25602 4% 8 965 2 v OBR 815 B AORE B E AL A0 5 DON fY4 KR r , #5 /K A
AR F Y DON 2 AL A Y 5 46 K343, ) PO 51T F 3R K WA /K AR H i DON B2, I %t PO

L ICR AR A K.
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HTCO #7545 Ehm AL A P A TR 34 B PO R4S A IRC 40 mg/ L ¥R BE I A E AR 224 0. 5 ml, Hofih
WREEFERE N 2 ml ), 5 4 — ZFEZ LUARIR A1, T RE R 230 b i A il e A i S5 10 45 5 a1k, i
HTCO % DON 1 Z2 R E AL AW R SRR AUN 0.5 ml( #REEH 40 mg/L) B & A b #EL A& W1
(IR L RRAAR AR 2 ml B YR 4 1 8 mg/L )30 A w5 ( 38 4 ), W] U0 ysi 2 i A3 A B mT 8 v ol g 3%,
Ammann 257 R RS Y 15 A AL A 2 SEURICR T I 2 - 3 4%, AEHEAL) L m A SRl
R RAA PR AL S5 TS5 AT Ak T AR SRR, AR S 56 P LA A W 7R S5 A0 390 B2 Ak i 2 04k,
BRI AT EA HLEA Y AR I B . Bettler ( 1998 )7E 525 Hh WS B & A4 15 A 5] 200 mg/
L, H 545 A0 L, AR Z 19 DRy 5K 70% —85% ,62% —67%( 10,20,50 mg/L) ' W WA AL G
YA [ S A R HTCO 320 5 A 5 e 25 2 ) B A 1) A
2.2 #RK K EE S DON R B E O aa 1

DON i TDN 5 JGHLAE R 23545 , Ik DON i iRt LN E 2L, i F HTCO 291 AR B A6
FRAR T , 37 H TDN 25 76 HoAG I BB, BASTE F L 3 FLRTTE HTCO % AR AL A P i D SRR A1,
P ARG TON B5r8. M2 T, PO B M1 TDN & i U AR L 245 , PRI SR T PO B 590 1 78
WAL AR A S LG BIAS TR B AR KRR S EAT T TDN I E( 38 5). JLrr S1.S2.83 3R | 7k
WA —3TH 1 2 m .14 m 25 m KRR B7KBE. S4 LI RZ K, S5 A LU DT FLER K. T A A
S TEIE AR FEETTHLA & =5 AR9% DON M S A A AR IR 2 AL 3 M 3, 3155 T DON 947 1
ZHRM R 22 £ 5).

F 5 AARIRKEEMARIE SR & i MAnifEm 22 RSD)

Tab.5 Concentrations and RSD of different nitrogen species in five natural water samples

TKEE NO, -N(mg/L.) NH; -N(mg/L) NO; —N(mg/L) TDN( mg/L) DON( mg/L)
S1 0.0544 £0.0011  0.188 £0.004 1.05 +0. 00 1.94+0.04 0.65+0.04
2 0.1301 £0. 0001 0.795 £0.016 1.45 +0.01 2.69 +0.03 0.32+0.03
S3 0.2181 +0.0011 0.406 +0.006 0.46 +0.00 1.32£0.02 0.24 £0.03
S4 0.0950 £0.0004  0.176 +0. 002 1.53 £0.01 2.13+£0.03 0.33 +0.03
S5 0.0000 £0.0000  9.021 +0.023 0.34+0.00  10.68 £0.10 1.32£0.11
RSD “F-¥11H( % ) 1.6+0.6  9.1x2.3

DON &4 = TDN -NO, - N-NH; -N -NO; - N;
PRUEMR 2 SD oy =( SDipy +SDiye +SDgr +SDig, )2 15
X AR 25 RSD ) = #nEfR 22 SD/DON ¥,

DON WX FR IR 22 I8 6.2% —12.5% P340 9. 1% ( 252k TDN FAHXT AR HEDR 25 1 7505 ), S5 A
S SCHRAR S AR X AR AR 22 AT I B AR — 200 9.2 26, 1)1 7). EAEWIRRE ST 1 DON Ay¥k B 15 Bl 0. 24 —
0.65 mg/L, f2ARdEd 22 A9 5 L0 B, FLIBIIAK K DON ¥R BE 76 3 [ _E A28 A AR Bt K v 22, R iy
I E 45 S R B SR WA /KA () DON & B HLai g 254k, AT 24 DON (1% i — 25 A5 4 4 Rk 75 ]2 43 A7
HEE.

3 &g

S PO A HTCO 3EAR A —Fhill DON & 56 36 19 Jr v AR & B A Rde 1 05 k. PO X — 2571
RARMEAL A P0G AR AT 0 BICR( BRI EAL S50, ORI TE 91% LA L), HRS % BE 4. HTCO 745 I 3
WA TARAEAA I KA ISR [ il , 3548 A7, T B T A2 il

% JEF|A L HTCO ¥ TR -5 i AR AE B & W IaDBOR T (4 R LA R AS I B (Y B 1, R PO 12
S R AK VA KR D DON A9, PO BEI45A49 TDN {8 2208 DIN (&5 153 i DON (B A4 AH X 7 v i 22 78
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6.2% —12.5% WYL (35 9. 1% ), REECIL S WL 1A /KR (¥ DON # i S KT A8 k. 7 W PO 3LEKA&
TEHLR N LN 5E PR RE S 75 2] DON A MERRAE , 1X — J7 v AT vl 4 RS 28 B 4 JU HOR RS 22, 1 7 R R
PR S ATl R BESR, FUAR B R, 2 BRI VR K A ZK AR T DON e J3E 1l — Rh s AR 1) 7 v

4 SE 3k

[1] Bronk D A. Dynamics of DON. In: Hansell D A, Carlson C A, ed. Biogeochemistry of Marine Dissolved
Organic Matter. New York, USA: Academic Press, 2002:154.

[2] Stepanauskas R, Leonardson L, Tranvik L J. Bioavailability of wetland-derived DON to freshwater and ma-
rine bacterioplankton. Limnol & Oceanorgr, 1999, 44 . 1477 - 1485.

[3] Stepanauskas R, Edling H, Tranvik L J. Differential dissolved organic nitrogen availability and bacterial
aminopeptidase activity in limnic and marine waters. Microb Ecol, 1999 ,38:264 —272.

[ 4] Seitzinger S P, Sanders R W. Atmospheric inputs of dissolved organic nitrogen stimulate estuarine bacteria
phytoplankton. Limnol & Oceanorgr, 1999, 44( 3 ). 721 -730.

[5] Badr E A, Achterberg E P, Tappin A D, et al. Determination of dissolved organic nitrogen in natural waters
using high-temperature catalytic oxidation. Trends in Analytical, 2003, 22( 11 ): 819 - 827.

[6] Comell S E, Jickells T D. Water-soluble organic nitrogen in atmospheric aerosol: a comparison of UV and
persulfate oxidation methods. Atmospheric Environment, 1999, 33: 833 —840.

[7] Bronk D A, Lomas M W, Glibert P M, e al. Total dissolved nitrogen analysis: comparisons between the
persulfate, UV and high temperature oxidation methods. Marine Chemistry, 2000, 69: 163 —178.

[8] Sharp ] H, Rinker K R, Savidge K B, et al. A preliminary methods comparison for measurement of dis-
solved organic nitrogen in seawater. Marine Chemistry, 2002, 78: 171 — 184.

(9] BXTr, Mk X 03 U LI R AR K SR M AR TR ST WP ST L 2000, 31(1): 53 -

59.

R R HE SKOBOE. RTE B A AMA HLAR A A 588, 1 7 5 17E, 2003, 34(6): 577

- 585.

[ 11 ] Koroleff F. Determination of ammonia. In: Grasshoff K, Ehrhardt M, Kremling K, ed. Methods of Seawater
Analysis. 2nded. Weinheim; Deerfield Beach, Florida; Basel: Verlag Chemie, 1983:150 - 157.

[ 12 ] McCarthy M, Pratum T, Hedges J, et al. Chemical composition of dissolved organic nitrogen in the ocean.
Nature ,1997,390: 150 - 154.

[ 13 ] Ammann A A, R ttimann T B, Biirgi F. Simultaneous determination of TOC and TNb in surface and
wastewater by optimized high temperature catalytic combustion. Water Res,2000,34( 14 ): 3573 -3579.

[ 14 ] OO E . 0 Hrfls. 5 R Jnt: s 20 Rk, 1982:115.

[

[ 10



