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Research progress on forms of nitrogen and determination in the sediments

LIU Bo"?, ZHOU Feng', WANG Guoxiang”*, XU Kuan', DU Xu', LING Fen', XIA Jin'

1 College of Geography Science, Nanjing Normal University, Nanjing 210046, China
2 School of Geography Science, Nantong University, Nantong 226007, China

Abstract: Nitrogen (N) is generally recognized as one of the most critical nutrients to limit the river’s productivity in the
aquatic ecosystem. The N in sediment is released into the overlying water making the sediment N content the most important
factor in determining the N concentration in the water. Thus, N release from sediments may have a significant impact on
aquatic systems. Researchers have recorded the N content in sediments starting in the 1960s. The N content in the upper
layers of sediments was examined from some North American lakes and from marine sediments in the North Atlantic Ocean.
Scholars have developed a large body of research on the levels of N in sediments and have made considerable progress in
studying N cycling and the ecological effects of N. Recent research focused mainly on total N and inorganic N, the levels of
which need to be determined when studying the background N content in sediments. However, this research has not
explored the biological and ecological mechanisms of N cycling in sediments. The results also show not all N in sediments
may be involved in N cycling, but instead, past results indicate that only a small part of N in sediments may be involved.
Therefore , it is important to investigate forms in which N exists in sediments. In this paper, we analyzed both past research
on the forms of N occurring in sediments and on analytical methods used to study the N content in sediments and soils. A
review of the literature revealed the methods used in N classification and measurement in sediments closely followed the N
analysis methods used in soil research but lagged behind when compared with the quality of N studies in soils. For inorganic
N, most studies concentrated on exchangeable N, while few considered fixed N in ammonium. Exchangeable N compounds
had been extracted from sediment samples yielding a variety of extractants while using a variety of extraction techniques.

Choosing the most effective method to extract exchangeable N is still controversial. No systematic research has looked at the
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influence of extraction methods on the analysis of exchangeable N in sediments. The debated continues on whether to use
fresh wet sediment or dried sediment in measuring the exchangeable N or other fractions of inorganic N. The effect of
dissolved N on measuring exchangeable N is also uncertain. To determine N bioavailability in sediments, some domestic
scholars employed the sequential extraction method used in the studies of marine sediments and lake sediments and N was
divided into four fractions : ion-exchangeable forms, carbonate forms, iron-manganese oxide forms and organic matter-sulfide
forms. The sequential extraction method provides new insights into the future study of N content in sediments. Although
investigating the fractions of organic N in sediments is important, the measurement method used to measure organic N
primarily has depended on the researchers’ experience with the method, and no reliable method exists to determine organic

N content in sediments.

Key Words: sediment; determination; exchangeable nitrogen; organic nitrogen; dissolved nitrogen

FNERKAEAB RGN FEEIRITCR AR KA AR RGN AT I 0 R H 7 T
Y E SRR, KA RS RGP R EEIEANC Y 5 R OB PSR S AR A B R AL 22 1T
MR ARSI E MRS SR A Y BRI U R A K A A 25 R G 1
RSB 13 B — A B RERE B A A R TR A S DR P U IR AT A5 21 A5 43 A, 2 v B A /K
A RS R GE TP R A W BRI AR R S LR RN AT TR A5 % I RUE A 10 40 2 S 5 Ty 12k 1 S A
L TR R IRAAIE S WS T — 5 WSk R | BEAE I BoR T-Beny oiett , TR 20 S5 H iR A . A
H TR A WS IUR Y FIRAA IR S5 0 5 s it AT R G 00 W , 2 o0 R ] - 39810 7328 K oy
W5 s, B A AT N A SCBIF T i, B AR AN [R) A DO RR A 2 A R AT A R 23 B 7 i b kAT 2 1Y
Wk, P, A2 C A BT R 5328 K o3 b 07 ik e 3 B9 AR SCHIFFE 04T Al 570 Hr . AR SO
W A2 B TE DR E A IE 25500 50 B o B i 5 T A 98 T A, 3l a5 = 398HH SC Mt 78 0 e 1) Eh 5, AR T 00
TR BT 53 F0i 5 J5 s IS8k g |y FF e b 3K AL~ 008 PRI S SR A S DU W & 8 SR A AL A
HARERIBAR S RIS %
1 MRYEREES

TR P RRAETE ST LG T 20 Hha 60—70 ARAX b 5228 X3 43 i b K UK A0 b K PG P TR
TEATFRE THEE " DU EIE A MIFIE ik , AR i B8+ U SR ok AT 500 43 S50
% ok BRI A A DR R E R B4y, 8 Z R 2R
1.1 IR T RAIRAFIE S

TURP TCHL AR T E AL 5 7] 28 # AL ( Exchangeable Nitrogen ) F1[# & Z54% ( Fixed Ammonium) "> ™) A %%
ok AL A TR ER B AN IR ER A 7] Sk ERE S B A 7 B Wi, K AR S R G A AR
FEMAESE X, [FE S st Zal o013 80T ORGSR AE AN B 2, X 2 DO A T K AR
ZIMVAFE SR T ) R A, IR FR AR S e e, A 7 M T PR BT b e e 4 P KT (Na®
Rb* Ca'45) WIAFTEFT0 A% T Ak . R 2 S A 2 - B U I S LA W 4, A W58 3R B URR ) o
[ nT DL 3R A 10% —96% , K A S R G R M EBAEAF A . B A2 e i e i
B R AT K T 20 R g T SR TRIK AR BB R RS T OB R AL R A TR A B I s
225t KA IR AT Hoh ]SS B A %
1.2 FIBWAEILARAAES

HEHVA M, TIRIA DL AR AR 28R -t R AR S8 00 SRS O vk . hE R ILER)ZE LR i AA
90% LIAFAE T AL, A HLETE 3 AR e ORBORT Lo R — 2R R 43 il 5O 43 o0 e 1 A
BUIERAAR s 53— 2N I FR I, J e LA R | & U AR & 1 e AR & o P LA S T o A R
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WS AR A%, — kR & BB Z R A BRI DI, WFF8 8 RS 8 BT, R 7K
i AR, AT L A I EROK ik 4 75 12 R D R A HILAAL, PR A AL A 25 400 43 52 B S AR 0 2 7
ERIOEZY a8 e

1965 4F- Bremner' ™ $i¢ FEI 52 Jy VA4 T 04T HLAS b 7K A A5 SRR K S 25 2R, /K e A5 L RS BB
oA A BIRERE R B EAUKARMER . PRI P A LA R ZHON AR, H %
FAETFEARSD  BEARSER S VU BB AR VLA 40% —65% ', 5 iff 5 22 DU B AW
40% —60% '), Keeney % ¥ RAEAK fift 230 7 W K TR b (9 A MLEUE 85 00 MK i ME B R, COREIES L, &
SR AR RS A, Kemp ™" IS LT A HLARF I H A DLE Y RIS A, OIS A
ALK RS RIS, 5 3300 KA OB i 145 LR 4% BR Bremner J7 75432 [R] IHHE 398 v 1 Tk
A AL AR ST ARIBA TR 2L S5 IR SIS A A S e b A Z R K &R, 735
AR I AN E S A ML T T R A A A R R, R SR PR R B R R B
2% . Burdige'* 181 & & B ALS YK Sk 2 HE R ( Hydrolyzable amino acids, HAAs) HHYAH MR, B &R,
HERMN RIS HAAs FEI TR EAEIA h AFE . Faganelia" K745 B IR Th A HLAL, &
SR N ORI S B A WUIAE N S AR AR I 78 B A8 A | IR 902 X I A 5 DU 20 IR I S AR, AR Al 2
AT A2 P A R I 22 Dl A H DT RR Y n] S PE A LA ( Dissolved Organic Nitrogen, DON) , #8170 2 )2 T
H1 DON fY M A 3R

ULAESRIK R DON &2 8] 67, WF58 & 3 DON K Z B A7 A 9y n] A M g P 3R 55 v 70% —80% 114
DON A/NrF R (<1 kDa) ', Hib 149% DON A IAES TP B AT %50, 0. JR 5 & IR & h
RAF IR X F RO F e & B (<1 kDa) , ANER U, 38 5k /K Ao SR g A I
1.3 EZHRRERA

R4 WA 470 T 2T A5 SR A G005 A3 B R 1 UK SRR T i 3 IR IR b i Ak RT
AL A% ( Transferable nitrogen, T-N) Fl1AE#4 L5 ( Non-transferable nitrogen, NT-N) | Il b SR IX 430 4
FIEAS : B 73840 5 A (1on-exchangeable form, IEF-N) ikFR#E: 455 A A ( Carbonate form, CF-N) 50 A LA
&, (Iron-manganese oxide form, IMOF-N) XA WL FHRAL Y45 A A% ( Organic matter-sulfide form, OSF-N) , &
ERVI PR AE S RGN IVE . BDeEE S RS I A5 TRl 43 B 5 1 e 2008 T g 16
DB R R IIE A o0 A SO e R 25 2 DRl . AR R 300 55 1 K o3 s U 7 vk FH 20330 0 AR 1
FE BT RIT A R R X 14 SR BSBIADTR T i BUR S BOBEHCRRAE . /A T TE R DY I A TR
5T T is T X RO B B, R 2 AR K B R = e AT W LR R3S A A 5
WAL XTI Bl AT 026

B A N AR HE S ORI B SR A TR 32 I S RO AR B I OB R i R
A, BRI FEASR (Free nitrogen, FN) , BB SR ZIE S, K -UTRUAR i AR FEIE S nT 38
#7354 ( Exchangeable nitrogen, EN) , BIZ5& G811 858 M o ORI BB A, R UTR AUE 77 48 L BUR BRI —
#R43 ; BR i A A ( Hydrolysable nitrogen, HN) , 7EAfLAE vl #5450 B RUE S, R B LA WLEIE XA7EAE
5% A% ( Residue nitrogen, RN) ,JERAEG B EIES , WA HALAS A,
2 RAESMNERZE
2.1 WHLNET Ik

TUR B IRAFIE S 2 B0 73 55 0 i 7 b 45 B e — 2 iy, I E D7 ik B REOT DIE FR TR A3 26
T3 03 PR BY B B A RN e T o RN O ik T R AR A R IR E B O AR IR A
BUERIEHL AR X 4, TEHLE T R LA FEASTR] A H By 76 Rl 22 B AR m] DAtk — 250 43
2.1.1 JEHEME
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SRR R Ty AR A A SR TR ERTH AR, e B IS [P 2 A5 e 1) 5 2 s I, 5 2 1 HF-HCL 7%
( HF-Kjeldahl Method ) Xt i AT AR FR T | e 52 H 56T Kjeldahl Method Fil HF-Kjeldahl Method PF 7
Pxt A A 22 57, R )24 B R AR — S0 ST [ A5 A 1k B A R i T B HF-Kjeldahl
Method & 1F 4 JF- A IR AY AL L IR Hh A A 0052 T ik AR 138 I 2 Kjeldahl Method , 56 T
SEAENT T Kjeldahl Method %2 TURA) Hh A UGS M 14 2 DR TE . Smarta" ™) 45 F I B2 BR R T 1L 7 1k 0 22
DURLY AR 9 v (9 B L, I 5 Kjeldahl Method 8 7 % bb, ZBLB A5 k2 25 R 2 R A K, JFA %
HU S Y GUR I AT T is P R RR AR Ak vk . R R AT A AR R R R A T Ak vk T R R A
RS, BUS TR RRCR . 7 e e DO R T R AR A DR i AT TR AR s L, R R
RIS Kjeldahl Method AH LU EAT A EAEHE 0 7 SR A D05, (E LA AR BURE £ KD | D AR R AN 174 1)
ML, FAN , — B Kjeldahl Method %2 A 42 A L4E NO;-N A1 NO;-N, QiR 52 NO;-N 35 48 i B AR i 7 2
JIA NOZ-N Hl NOS-N 38 J5 R NH-N AEBE BR T A=A 5 D ik, 3 472 0 28 T 7 ASCH Bl P oA i 2 AR
Prp i a0 TS 8k Kjeldahl Method 4576 2 A2 {SOH I 22 URR A 4 UM T X ELAF ST, & 3124 NO;-N
F1NO;-N i & B AR, PRI 2 532 A] R, H. Kjeldahl Method [ % BE 8575 5 24 NO;S-N 1 NO;-N 4
SRR, N P e Z I SO I S R e

(2) A 2248 25 R0

A A0 25 I R B S DR R S TR IR, R R B S RS e BNR B T, AR5 X IR PR TR
FrmsE™ ) BRIS b RSERE KA TEAR R DA e B PR AOTR RO K i T RE B AL G AL R R U K
RARATE T LR PR SRR T T 2 B R L R AR R 2 RS2 KC1' P 4 i NaCl'eo
CaCl,' ™ K,S0, " VERMIZHEW . JH K, SO, 1 A= $ 02 00 A 85 5 Sk v (R it b 6 et i e 4 SR s 7
R RBOAE A 0. 05 mol/L [ K,S0, 0. 01 mol/L Y CaCl, ,KCl A 1.2 mol/L Fl14 mol/L, Fih 5iZHIE
VLR LA (R L) W FHAGJE: 1:10, SEPRBFFT R AN 101 F 1:1000 Z[A1ERA 32 FH 2020 P70 B4R IR A 30 min
F) 24 h AT Wheatley 557 gltia H 75 1% 4 HE o ] S8 e A5 B R AR I HEAT T 488k A BRI 5, 45 SRR W
NI PR 5 #5846 I 7 435 SR A AS K 5 e IR B I 1R 2 30 miin ; AR 572 2 mol/L 4 KCI; [FI3 L2 1:5 I,
SRR (bR T 7K) X ] S8 B A5 Al A FAR PGSR B i, Brodrick ™) il AS [R5 05 12 6 1 IS YR sS B A5 Al 245
R E WS HET T 98, 45 3RIT . NERIRECRE 1l 3 YRRV B2 RBUARL, 55 4 IIFIG T R W42
IHERA 2 h AR BERR R IR 2 h 5 Uk BT IR R AR R, I 1:20 F1] 1:50 X ] A2 4 S A A A
AR, KT AR I E XU i) 3e 408 A0 e 5, B4 1 K ARG G, EE N RTTRY)
HANG L RE R 5T A0 5 B 0 R U R ) 4000 308 o ) AR | oI 2 1k g A — A~ B IR AR T TRBIE

(3) e A4

I 2 A, IRFRAR A e 4, 24 R A N HAFAE T 201 BUARRERR LR M2 2 8], AN REF i iR 58 e ok
AT LA i — 5 A 2 R B IR 0 Ak B e [ R A R BB S AR I DR [ e A
IR FE AT M Rodrigues' ™ 1954 4F & BREAHE 148 b 3 7 FH 24 8500 A0 7 2 A4 AR , N0 2 o 45
BT AW I, H T RSCH LA R JLZE, NaOH Il KOH 43 Il 28 18 7500 HF Ab 34k 18520 e g ke 180 830
Bremner ®’ REHIT T ILIEME I3 AL, 5 BUAR 2 005 0800 T A 25 B WL R i SR TR TR AT
TEN R TAN HF A0 PR 55 o0 AT 5% Horp JE L Silva-Bremner #1855 U ik, 1 & PR Silva-
Bremner V52 75 RE 58 205 A DL BT [ E S8 & B2 a2 R g, 254 5% X Silva-Bremner 3%
il Mogilevkina JeXEHEAT T LU, S 1 - HERDRE A7 AL 7 5 11 A8 O 28 1 2% DR B8 T LR hy ) ol
TR E AT SRR A BRI HRHE X — AR T Silva-Bremner 72 B AL T Mogilevkina BeF7%: . IR & & A 2 i
58 P REAE F ) J2 Silva-Bremner Jy g!¢7- 102122020200 56 5 TN 5 D7 % I 5E DUAR ) v I E S R K 22
S AR LA
2.1.2 AHLEENE

(1) B HLEY) T4 HL
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FR i 25 1 S 20T DA e K R IO 2 3045 4 I B R AR ( ik ) AR A ot RS R ™ 0 A ML 1k
R A TR I 52 R 5 HCL(3 mol/L 3% 6 mol/L) 7E 100—110 °C 4tk 12—24 h %, 150—
170 °C I 1—4 W' 102 WA, SR G XK= A5 5 . i A K9 b B9 MLEURR A B K i
BIEFRAS A (Total Hydrolysable Amino Nitrogen, THAA) , A 55 %8 THAA 5T TON 9 b 1] — B2 /N F
50% ) R T RAE FNRE AR AT A0 TR DA R O 2 R 2 R S AU E 5 R A0 2 R Nunn I
Keil ) FH 6 FlOA[R] A9 7 2R DUR R A7 50, S5 ) ] b B B 2 2 1 o 49 a e v R e R B A U
R 5T FEEH B 2 FEMBEWE B 5 S K T HR T EE, 51550 HC X 2 L fR 3 lRCR X L
WA ,0.5 mol/L NaOH 7& 37 C NI 2 h GIELRR > TS PR A Y fc e i, A $2 3O 0T 8 2 2
PR (AR BUR B/ 43 2 BN Triton X-100 = #UK >NH, HCO, (50 mmol/L) >HF , At 4 i BOR 0, & il &
A A 25, F5 T1E5 HCl KA 7 L HR B SERR (I Fh S, F 9T e A S350 mT LUK o] B 2 /K s M 2R
F3 5 R TR R 4R B R T A8 40 1A o 5 W B DR 0k R B B4R B, B4, FHER A 4R EL
59 AT LA K A ml R R 2 ORI A ) R A R

(2) ZE MBI v

ZEARR I 5 oA 1) AR i PR 38 Ao T AN [ (R A A5 AN [ B 28 088 ks, 2 U A A e v ) e R A 1
A TZ T X S S A R AR, X T4, B AR Z g R S 120N B A SR e i R DU A HL
M2 FP YA 3k Mulvaney 2560 FIN 7R 5 i 06 6 0800 52 ot -+ 3847 WL ARG 52 4 B 64T T 1A
R IR S A G (P S ARG, e S R A5 R e (B A A, 7 BL At b 36 H0 FH P Oy ol B AR 2= I I
o KT ZEAR I R VA XU RR A AL 2000 RS B P o A DL ARG

(3) @IEME AR
VR —Fhy A o B E /7 i G BOR R RS A/ MR B 5k 2 — L RE RS 70 B )
PEPEREZE AR/ NI S FE K A R 25 R GE A HILIY o 2001 45 00 7 7F S ok sz 2 s, H i) 2 Y

JERZAATEY (Gas Chromatography, GC) FIFE s HH 415 ( High-performance Liquid Chromatography, HPLC)"™*!
GC L ¥ 3 A ARSI 48 T LA R4S 70 B FIAS AT AL AR B, R0 2 W U AG: DU 4% ( NPD ) XA ALY I
RAGEEE ISR FARIN & (FID) 25 50 A5, i FAHLAE Y TR i AR 9 R M 20 A, I A
F4 GCIFRA Y Zis T A LA E . REBETEHAN & £ Jile B S H WK, Fitzsimons 51
T 3 SO MR AR B A IS T NPD A5 AT LI E FY B, JFR A FRAR = ) 2—12 nmol/L, Bl (LIS HAR L RE,
EYNEH:, AR B AR AT FH AR FE OB A ML T 2 i 32 B2 806 ML T GC
AR HPLC HARGE & T3 B A #5 % LA R AR & & A LA BT, 1E K A A2 28 R A HL A B I v £ 1)
L 9 EH I #5 ( Fluorescence Detection, FLD) ™' A HLA Y B H A 28 69 A7 4 05 vk sEA 7 2 |
FEZKAE DON 2 v H B 1 AR AT A A il a2 i ™

(4) X FLOCIEHA

— B T AR 2 A A I )z A ALY B I E BFFE v, AN i A 58 & BRI AR AT LA
RAEZIMEEWIE R Patience 55738 HI X LGB AL & GC FIT R @ HARX A& E IR X
B FRIZTORY R TOTSE, R IR ME S Y E S A T A R FO G T 2SR LY,

(5) BrEFIRBIA (PNNMR, ®N Nuclear Magnetic Resonance )

BEA BLAOEIE A HEOR I A& NNMR A2 8w vy T 31 3 98 A DA E T 58 v, 78 338 v I A X
B2 O NNMR B 1 2B 45 ik G Ak 2 O R i 3 A ILEUB S A T, R8O 52 his 128
N ARIE fi B e #% B 3: 4% ( Cross Polarization Magic angle Spinning, CP-MAS) £ A X [& 4 4 1 #8470 %
Knicker #1 Hatcher"” 5t F R LA AR AN [RIGR BE (9 URR P 26171 NNMR 58 , %58 A L) 1) B i s 4, IR 5%
KRBTGS RAFAE T A DRI S SF I 5 FH IR J7 ik vl LSS R BRK i I AR A T A L S W3S
o A, HEEEE NNMR W2 WA IV ARZEORE MG WA A" | TARIMLE WA AR R £
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HRARAG, AT NNMR 5 B R ME , 5 A T ekt
2.2 pYERPEINE T

SRRy R R A B A R S 2T I A5 FE M TR TR U A W st R AL A D BB P e SR R
AN GOR PR B A T XHTURR %) 43 G AR B, B3 2ok A 90 AN [ 32 BGRB8 ke i) it | 45 531 45 iR 8 ik
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