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KK AKERBEBENRANET EHXEE

# X aREV EZEE, 2 B AEEY BEE 2EET, WA
(1: P ER BRSBTS BT AR B ARG E R B A LR E , $TR 550002)
(2. EB BB AR, JL A 100039)

 E.%mAYIE (Dissolved Organic Nitrogen, DON) B RAKIED HMERARIBSY, HEIBFRMENBED. FIH%
JKH &2 DON B9 R 077 B Bl it B R 40 1R B 4L 2= ( Persulfate Oxidation, PO) Fil & iR 1k S fk s (High Temperature Cata-
lytic Oxidation, HTCO) i#i47T 7 XF HLEF5Y. SRR HAFIEEE A BERAN S EE. REAE AR EinE
LAY B REE , P15 96.0 £3.0% DL L (A BEMEYERAIN) s BB KE S, PO B EE#H VLA MRt
WREERETE N 6.2% -12.5%. FiRELEMEXI AR B EL S 28 EREAL, P75 68.4 £13.6% , Tl —
BERMHAL.

XKW . BRANY; BEEUA; BEL; REBRLENL; RKEn

Determination of Dissolved Organic Nitrogen in fresh lake water: method comparison

LI Wen'?, BAI Yingcheng'?, WANG Liying'?, WANG Jing'?, FU Pingging'?, LIAO Haiging'?, WU
Fengchang' ™ & LIU Conggiang'

(1:Institute of Geochemistry, Chinese Academy of Sciences , Guiyang ,550002 ,P. R. China)

(2:Graduate School, Chinese Academy of Sciences, Beijing, 100039, P. R. China)

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 resulied 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.

Keywords ; Dissolved organic matter;dissolved organic nitrogen ; wet oxidation ; high temperature catalytic oxidation

freshwater lake

HHIX T RAKEFE S BN YRGBT T EE h7E AL RIS, Tixt DON E4-5F
FHME A, B TE%, 25BN B — K& DON £ %% M4 5 & ( Total Dissolved Nitrogen,
TDN) f EBHRIA, FHT LR 60% -69% . B H¥EIRE, A 12% -72% i DON BB E g 4=
IR . Y4 DON 1 NH, 4 B4 o A STV LIRS B I RS A U B T AR . i, 3%
7K # DON #F 3T 0t # mK IR B3 KA A SREARSE EEEA.

ERT, B A W E KA+ DON &8 # B #J5 1 ; DON {8 — B2 i TDN {822 8 7 i T 48 ( dissolved

« BERE SR BRI TR H (2002CB412300) \E K B AR 4 £ S0 H (40525011) MFF LS TMHE
(40403011 ) BR & %5 BY.
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inorganic nitrogen, DIN)3K48" ~"). ‘TDN il J7 1 3 B4 R Wi, — 3 R MAL2E EALE: (15 PO FISSME
16) 3 55— HFIRAIIE. Sharp ZHE T 24 I T W E FAMIRIRE S o DON & B INEER, R
KT EME NG RARE LR AR E RN P, HREEF R K RE NO; Fi R iR 2 % DON
LR EMERPER= 4 T A2 KA. Bronk %17l T =i (PO AN AL IR AL ) W E TDN f 7%,
KB PO LS RRAMENEREREAY G (DA CERRTEI EMERE LGV NRG. & EARBIR
WK 93X 88 J7 IR LTk F DON s , 255 T RE A BT ARIE]. B AT LA 56 9878 el 3 DON ¥k
BE S MR, R T DON 5 J7 i SR G0 LL 5.

BRI A SCX K R TDN BB ISE Jr i , B PO 50 HTCO k4T T XF L s ZEBEE Y b, B xRk
THK AR TDN & BRIR R SH A AU & B ATE , KB DR K BIIA - DON & Bl i J v i e R 4R it
R

1 LIGES

LY P ETH FEI B A LY 7E 10% £5FR i 12 h, KB F /K (NANOPURE) 3 ¥ =38 , 7 100°C
BT 2 h. FISRACE Y B ARHER B S8 ILAE B AT S5 10% s vE , B B A EBE F KB =E.
11 #kERPRERLIE

SRAEAE 2003 4E 5 F 3 3EAT, X 3R AN £TAR A F0 B 4619 Ff Niskin SRAESS B RAKRE, YR BISL % G2 1)
A GF/F B{HS4T Yyl et v ( DY BB LT 4R BB ETSE T 450°C 454 6 h) BB FRZ B P, £ 4CEM TR
. KRG AR 2 By B 2 A, b — 1 A R OB AR B 5 NO; & B A L (B v5 I E NH, #1 NO; &
&;5— 4T TDN Jil&.

PO & (mg/L)
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Fig. 1 The linear range measured with urea standards for PO and HTCO methods

1.2 WEFH & .

1.2. 1 TDN &3 E  OiBRRRHT I S50 SOLEE 1L (PO) , UM E 4 TR [ S ArofE GB11894 —89. ¥k
JFRER A £ 60°C UL L, BRBRAT ) 20 = L B BR A0 AR 5. 8 MRS HAE 120 - 124C T,
WEOKRE R & R A WAL AL B L. RSN R B T K 220 nm 1 275 nm &b, 43 Bl
ERAE. MBIERIBRIEEE A = Ay, — 245 22 HIBRMEME I 1A & b TDN FUKEE. BT EREE TN
R SICIEBE T (HHE UV -3000).  J 5 B B HEAD AP 2 mg/L 5 NH,C1 AW BICR. @8R
AL R ALk (HTCO) < BT Fi{X #7805 % ELEMENTAR, high TOCI +N. F7fHEIA9 {2 23k ELEMEN-
TAR 22 R) R4t JriRIF 0y - B SRS M ARE R (0.5 2.0 ml) , ZEBYASH (S FFIRE 680°C , AL/ LA
950°C ) PIRAL(ER AR BRIR PR M) R AE AR AR BR ) , W B HE A IR B2 4P (1050°C) AL, & \ALA Ve
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B OF E AR P E BRI E F ke 65
BRI PB4k NO 54K, TG i AE TR LD AN I 256 . (XAS BB B 1. W keat
B 10 YKHH AN LR B (50 BR B DA 90 52 (B .

# 1 ELEMENTAR {{3$ 250k
Tab. 1 The ELEMENTR instrumental parameters for the TDN analysis

25 =R S BAURE  EEARR A rias  aRICR
WEE  AAR(>99.9%) 199 ml/min 0.5-2ml CeO, NDIR e T AR

122 FEHARAEHNE EESENWNEERER 2" RIE R 0. 007mg/L; M A& &
A 52 e R g R, RIIFR A 0.1 mg/L, THERHE A S BRAOME T ENEAMS O ENEED, BIE
% 0.003 mg/L.
1.3 ARSH¥pMAE

B SRR E RARHERL S HRE R 5, W PO J5F0 HTCO LMW LR I (PO MM EE £ 51/ 0.0,
0.2,0.8,1.6,2.0,2.4,3.2,4.0,4. 8mg/L; HTCO e & 5% 3.0,4.0,6.0,8.0,10.0,15.0,20.0,30.0,
40.0 mg/L, LA 1) IR AE(ZAME = R4y B EREE/ SRR FRm R (25 B8 /BRI
EM=H)T . RERERNET =R, SRME S KU L, fkiE PO BRI HTCO #:4 H pyFI B 8253,
HX,BH— R RENARESE A EY (43 KNO, NH,CL RE . SEMR . KHER .4 - BELR
B AR EDTA, FI 228 F/KBEH)) , 3T B PO B250 HTCO BEmR 7 Xt AR B4 & E R, K R# 4L
AUARREEX D RMZR. R5UARESEN & A R MR AR R KR A4, 18 DON Ml
FEJT RIS, LI R HE R 22 (RSD ) .

2 £R5E

2.1 TDN BMUEF HHI LR

2.1.1 SMEE  DURFZAPRERC HIMRBE RS , 4% T IU 5E X 0 0% BE (PO §5 ) 804 T R (HTCO 1)
IR R N 1. HTCO JATEMARER AN 2 ml(2 ml R A HERE B, S i I T AR oK, WU s Wk /)
T 15 mg/L B ) B6F , SRl IR SR PTG BEITE 15 me/L LATR, 18 1M BBl B, R 28 e RO TG AU, (8 ARG (R
= 0.9993,n=6). PO ¥EPRUEMLR MR MV L HTCO (5 M/, 7E 4 mg/L LUF. 7EMTE B B, IR BRI A
LR B E AR (R = 0.9998, n=8).

212 ER MAREERIRE, WE T RFIT LR B A H A fEm 2. 78 4 mg/L BF, HTCO I M H
AT F DB VSR 22 A0 LL PO TR R (3R 2).

# 2 hRAMRE PO B HTCO ¥ i A A H R

Tab. 2 The measurement precision for PO and HTCO methods by urea standards within day and between day

Jrpk 2 mg/ L 4 mg /L 8 mg /L 40 mg/ L
HH H & H A H &) HH H [H HH H &)
PO 0.02 0.04 0. 006 0.01
HTCO 0.20 0.32 0.38 0.59 1.13 1.08

* DIGRHESR 22 (SD) FR , U e B n=5.

O SEEEYNFHE T AT, T B RS % HP1100.
@ R EFRE GB7493 -87.
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3 EHZIRGH PO LKA AR R

Tab. 3 Blanks and limit of detection( LOD) of PO method
as calculated by the regression analysis of NO,; standards

RE gy BB WAHME  FTAME(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
ERE 0.015
Ao PR 0.045
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213 RAME FERMR LIRS IR
ECHIVEEE 250, %1 F PO Bi— LM E T AR IR
2, IFERNsS AEmNE 3. £8P0 EsH
FIE 5 {E 4 0. 05 mg/L, # I KR 25 0. 045 mg/L
(#3). HE TR L MR E Y 0.045 -4 mg/L.
HTCO ¥ i T Bt FR A I 28 ) R BB IR, 76 LA B
KA AHATIER IR E e m R, ZERE S
B /NT 2 mg/L BY RSD 455 10% . #1038
P45, TDN AR T B 2 mg/LO.

2.1.4 AFAELA K ERE RAKEKFEH
BIRA VLR S E 2, IR I I < J7 3
ENREKRBEE. BRTTERRN TSR
wE—-RI AR ERNRIESYREIE. hi
BBEA R W E AL & Y 6 A R
e E BRI X B AT E YR (% 4).

%4 PO 3£A1 HTCO % & RALE YIHEXS T KNO, yEIiR

Tab. 4 Percent recoveries of nitrogen-containing compounds for PO and HTCO methods compared with KNO,

wE 2 (% wE % (%
AR (mg/L) %1045( ﬁngco) LA (mg/L) %loq& ﬁHEI‘CO)
RE 2 95.2 4 - HEZF A 2 37.2
4 100 71.2 4 43.4 59.2
8 82 8 64.2
40 87.8 40 72.1
EEER 2 91.8 HER 2 95.9
4 9.9 52.6 95.6 54.5
8 53.4 8 58.1
40 65 40 67.7
Z_HmZg 2 91.2 b 2 100. 1
4 9.7 54.9 4 98.5 89.1
8 55.1 8 86.5
40 66.7 40 91.5
LV + 5D 96.0+3.0" 68.4+13.6

a: RitA 4 - FEEEH LUARH) E R

BR VOS2 HUARST (37% —43% ) , PO 3% Hofth 2% RARHEAL & W0 H) R  F 91% , 540 K3k
MIRELT . WERREHHRAI LS, 5 ERAREE, 8% E— R, N E R A
ER N 37% -43% RF , 7 LR ATREBCA SO MM A k. Bt PO BRRE AW E R AL S S
K ECBIRIRE F. McCarthy 251 358 Mg v rPAB UEAS B MORE R LEURE AL & 4 5 DON O K 384) , B0k Wi
KPR ) DON LR AL A9 5 48 K HE 4, W PO B AT FF 37K 819 /K /& ) DON BMIE. ¥ BERS PO

EE R KA K.

@ ELEMENTAR, highTOCT + N #/EF4t.

2
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B B KR P IR AR BRI R k6 AT 67

HTCO %184 EATMEAL & 4 1 SR AR Fe PO 1678 9% (40 me/L ¥ BE RS BOIERE R 0.5 ml, Hifth
VR SRR RN 2 ml) A 4 - B LMRSL, A RER 2 L AR R B L &G TEAS AL, 319
HTCO 37t DON H e AL A WA N R SREIATUN 0.5 ml(WRIE K 40 mg/L) B 4% HARMEAL B BT B9
I He PR AR 2 ml Bt (SR BE R 4 0 8 me/L) Tr3m R 720 (32 4) , 7 TR /0 BB (A B W) 42 5 [ e 6.
Ammann % B E LAY B SRR M A SR EE T 2 - 3 65, RN LA GRRM
REAL A ISR -5 A A 0] B il T LA RS SRR L, A SC 32 560 v RUAL A 40 1 55 AL 0 B T B A,
BARXARERANAMNA Y EMEARHERE. Bettler (1998) 7E5L 3 b BB B4 H: 75 Bl 15 5] 200 mg/
L A5 EA L, ERRE 8 5 3% 70% ~85% ,62% - 67% (10,20,50 mg/L) 1™ . o g ALA
19 IS SR ARG S HTCO 356 0 5 B it 0 5% o 4 160 .
2.2 #iE%KEE S DON JRENE HHERIE

DON g TDN 5 EHLE 23518, itk DON BuRa st v EE. i T HTCO ML R (L 28 B R )
BRARES , W13 1 TDN & BEAEFA MR BT , B8 I AS3E FH , 3t ELRTTE HTCO ¥k % EUAR e AL & 40 9 B g AR 1EG
Ho2:A%A% TON (& 8. ABELZ T, PO BE0UE M TDN & BEUS R3S, AT R PO Xt #M E 1
WRIZL S B R I 75 R LR R R T MoK B BEAT 7 TDN W (325) . HoepS1.92.83 Ap 5 R E 16
WA — B L2 m. 14 m.25 m KFALHKEE. S4 HAMBMEIRK, S5 HLRBITTRIILEK. S FHiAH
EAEME AR S T E A BT, R4 DON M A B R R 22 09 /5 3 38 38 T DON ks M dhi
EHAI PR (£5).

%5 EARAKBEGARIES RS B RAifERZ (RSD)

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

kA NO; -N(mg/L) NH; -N(mg/L) NO; -N(mg/L) TDN(mg/L) DON(mg/L)
s 0.0544 £0.0011  0.188 +0.004 1.05+0.00  1.94:0.04 0.650.04
$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 0.33x0.03
S5 0.0000 £0.0000  9.021 £0.023 0.34+0.00  10.68 £0.10 1.320.11
RSD F-HI{H( % ) 1.6+0.6  9.12.3

DON &% = TDN-NO; -N-NH;/ ~N-NO; -N;
FRAEMR 2 SDpoy = (SDipy +SDiue +SDygs +SD3o, )2 145
HHXI PR AR 2 (RSD) = FrifEfriZ SD/DON K.

DON HYAHRS R UEIRZETE N 6.2% —12.5% , 3K 9. 1% (£92% TDN HAIX b MM 2E 7 65) , 54
S SCHRAR T MR ARAE IR 22 AT PRI AR —30(9. 2 6. 1) 17 B ABRBE#1 T L DON Ak BEE [ 0. 24 -
0.65 mg/L, EAr#E Rz B T 504 L, BT K {4 DON ¥ BE 76 3 ol AL BEth K FARuE R 22 , R %7
TRHT 5 45 R AR ELSE R K AR B DON & 8 J FLE (3 A8 1k, 7Ty DON Bt — P BT SR PR BE e 40 A5
HfER.

3 &R

SR PO B HTCO I R—Fll DON & 852 RMJ7 %, (B2 B ATR R J7 . PO Xt — R 51
FARMEAL S WA TR AR B BN (BRI RAL & B8 B R IG7E 91% LI 1) , BN BE4F. HTCO 3N
EETRARAE YN E , KEROIRZ A SiE, 558 A7, o R H T M.

BB ASCH HTCO BB R AL S RIS E RUL & My [EICR 1 i R I DA R A R B FR ), SR F PO 3%
ST BROK WK M5 v DON BB PO 35 45 69 TDN (B 2238 DIN {HJ5 735 59 DON {E B9 HIXT AR (i 2272
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6.2% —12.5% FTEEN(F19.1% ) ,BEEL R BB AKIARK DON &8 R EFEHA. ol L PO REE
TCHLRR He 5 10 1 BES 18 2] DON MMERE, X — R BB EE; L ERANE L, i e m
FR X BEM B EoR s, HAR R E K, 2 B AT Mk WA KK o DON ¥ B i) — Fhas B4R 75 15,
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