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Fig.1 (a) Effect on ammonium nitrogen tests using air and
nitrogen as carrier gas; (b) Effect on nitrate nitrogen

tests using air and nitrogen as carrier gas
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Table 1  Analytical results of ammonium nitrogen and nitrate
nitrogen in blank samples
AR FEE A AR R
WK pa— we—
BRI E E AR E
(n=7) | W - W -
(mg/kg) (mg/kg)
1 0.0042 0. 066 0. 0046 0.070
2 0.0047 0.072 0.0047 0.071
3 0.0041 0.065 0.0047 0.071
4 0.0042 0. 066 0.0045 0.069
5 0.0050 0.075 0.0046 0.070
6 0.0045 0.069 0.0047 0.071
7 0. 0050 0.075 0.0047 0.071
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3, X EEE i AT A IO SR R P IR,
B T REARAE B A R 22 , ELBI AR D, Rt 5 |
AT ; [RI AT R A S B A R
B

2 PRI PR SUMB AR R S AL R
Table 2 Precision tests of the method for ammonium nitrogen

and nitrate nitrogen in soil samples

K| TYFATNEH FHE | RSD
RE O S

e (mg/kg) (mg/kg)| (%)

A BYHT -10.881 0.881 0.876 0.881 0.886 0.881 0.882| 0.881 | 0.32

PR

BYHT-2|1.41 1.39 1.39 1.40 1.40 1.41 1.40| 1.40 | 0.60
BYHT -1{4.43 4.44 4.43 443 4.43 4.4 4.44| 4.43 | 0.06
BYHT -2{4.06 4.07 4.08 4.06 4.08 4.09 4.05| 4.07 | 0.37

— 168 —

2.3.3 ik pmEeR

FRAE AR A B S R a2 A, 4 B AR
1 GSB 04 —2832—2011 Fi1 GSB 04 —2837—2011 (a) 7
WERG AR, IEA T BISCR IR, S5 R U 3 iR, A5 i
A FH 3 S R M AS BB [ENSCR A 96. 3%
~99.9% )% 98.5% ~100.7% . 3ZFET /3 NHNEEDL
HJ 634—2012 H + 48 v 42 285 5014 [ %R (80. 9% ~
105% ) FRHAZ MR (81% ~ 114% ) Bt , AT
WERRE S R . Ol FA RS T O A B LR
ARG SRR o 5 5 TR, S g iR T AR R R
1%, BRIRAAIG T 3T, MHORES IR, AT 2 H
T B A4 S RIS ARSI 3T o

3 LH PSRRI kRIS EE S
Table 3

Spiked recovery tests of the method for ammonium

nitrogen and nitrate nitrogen in soil samples

sl o AR beE T RETTE R R
. Al 52
5l (mg/kg) (mg/kg) (mg/kg) (mg/kg) (%)
— 0.88 .00 1.863+0.033  0.983  98.3
‘ - 200  2.84:0.112 1984 9.2
HER
BYIT 2 .40 2.00  3.325+0.105  1.95 9.3
N 400 5.397+0.230 3.97 9.9
— 443 5.00 9.35+0.13 49 %5
e - 10.00  14.515£0.3210  10.07  100.7
AR
BYIT 2 407 5.00 8.99 +0.228 4.9  R.5
- 10,00 14.12+0.312  10.05 100.5
:E:\
3 énllls

LIRS R B S R A R A R B O T
THERA N TI5F . 25 IR sk A S
SO FRAE IS FESS , 43 AT 0 e AR e AR A5 R SR R A )
TSRS RIS =G LR IELE
L HTRCRAR, A i A K HAR R A ™ B 5
R, RO 1 8 mp il 285 SR 85 25 U W 19 8%
AR E S5 2R HERVE . AR SCHEST T — R R R
e P A B S SR 25 R AR R o), A2
AR B SR 23 RSO 3 12 00 R - 49 v 8 2 SRR
HASRM AR R SRk ATk &tk
B0, HAT R MRS S A 78], BL 2 H 3l
A AT BOE RSN 52 |, A A B 2, — it
UCKERD (50 ) B9 B AR A 22 Sho

AT 3 p B A R S R I E S 11t 1
— PR AT AT B, B S TR O
TEAE ST B BRI T 2 % k. (HE
TP RER A S A 75 S P i A Dk
/0 - SR AL T - SR A SN B A S E IR o



514

RFE, A SR T IO TE A I E 3 P B S R S 0 & B

5540 &

4 ZHCHR

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

B, Bz, H AT, S5 e rh RS D B AR WIS
JR[T]. LRl ,2014(18) ;5789 ,5815.

Lu S,Mao C Y,Xiao H X, et al. Research advance in the
determination of nitrogen in soil [ J]. Journal of Anhui
Agricultural Sciences,2014,42(18) :5789,5815.
T S SRR A= 7 37 4 B RS SR B XU 2 7
HARifa [ D]. Kb W iK% ,2019.

Xie Y C. Characteristics of ammonia — nitrogen pollution
and determination of risk control targets in an abandoned
fertilizer production site [ D ]. Changsha; Hunan Normal
University ,2019.

A AR, A R AU L s
FORAERWMAHRE[T]. 7K L PRFF2A 40,2018,
32(6) :214 -221.

Jin R,Li L, Guo P, et al. Effects of the mixed ratios of
controlled — release nitrogen fertilizer on soil nitrogen
content and its uptake and utilization of maize [ J ].
Journal of Soil and Water Conservation, 2018,32(6) .
214 -221.

W, XU, P R, 4. Al T35 e 7 b+ 9 5 R K
VGYRFE 43 BT [T ] Il S PR R 371,2017,27 (1) .
21 -24,60 -61.

Chen H, Lu X, Lu X, et al. Analysis of pollution
characteristics of the soil and groundwater at a typical
chemical pollution site [ J |. Environmental Protection of
0il & Gas Fields,2017,27(1) :21 -24,60 -61.

Huang J,Duan Y H,Xu M G, et al. Nitrogen mobility,
ammonia volatilization, and estimated leaching loss from
long — term manure incorporation in red soil[ J ]. Journal
of Integrative Agriculture,2017,16(9) ;2082 —2092.
TR, BB, W22 A, A5 DN B S R 5040 ot
MR R R R [T ], 1:35,2016,48 (1)
147 - 151.

Tu C, Huang W, Chen A L, et al. Comparison between
ultraviolet spectrophotometry and cadmium reduction
method in determination of soil nitrate — N[ J ]. Soils,
2016,48(1) .147 - 151.

BN, 238 RN RE, 45 58 A0 O 1 I 5 1
BRBIERBARIALLT ] HAbAR 7412 ,2019,34 (3 1)
1):204 -212.

Miao J,Li F,Zhang J K, et al. Optimization of correction
factor of soil nitrate nitrogen by ultraviolet spectro —
photometry [ J |. Acta Agriculturae Boreali — Sinica,
2019,34( Supplement 1) :204 -212.

R, FNBE , 2B L. I SRS ARSI L
P HA T A A L) ] R, 2007, 44 (2)
288 —293.

(9]

[10]

(11]

[12]

[13]

[14]

(15]

Song G,Sun B, Jiao J Y. Comparison between ultraviolet
spectrophotometry and other methods in determination of
soil nitrate — N[ J]. Acta Pedologica Sinica, 2007, 44
(2):288 -293.

BRZL, SR PCAG, SRR , 55 TRAF 3 H 5 i 5 R R
P A R E B [T ] 0 il a2 4i, 2013, 32
(12) :1466 — 1471.

Shan H, Zhang Q Z, Zhang X J, et al. Effects of
preservation , analysis method on determination of nitrate
in soils [ J]. Journal of Instrumental Analysis,2013,32
(12) 1466 - 1471.

5 eI, gk SRR , . 29 FRaR] HE 3k I e 1
BARMUIFLT]. R =5 50K ,2006,29 (1)
46 -45.

Gong X F,Zhang J, Zhang Z H, et al. Measurement of
NH; — N in soil with Nessler’ s reagent colorimetry[ J ].
Environmental Science & Technology, 2006, 29 (1) .
46 —45.

SRR VT IR, W T, 45 S B v 2 B e %

Xof S A A E B R [ ] b M iz, 2010, 41

(5):1134 - 1137.

Zhang Y L, Xu A M, Shang H B, et al. Ammonium
contents in potassium chloride impurities and its impact
on soil NH,” — N determination [ J ]. Chinese Journal of

Soil Science,2010,41(5) 1134 —1137.

BRI, MR, A R ). XU It BRI L

SRS AR AT ATHERT ST (], v R~ 5d i, 2009, 25
(2):43 -45.
Huang Y F,Ye Y L, Yang S Q. Feasibility of NO, - N
determination by dual wavelength spectrophotometric
method[ J ]. Chinese Agricultural Science Bulletin, 2009,
25(2) .43 -45.
P B SKBK, T K, 45 SR sk 4 - 50y
JEOGRE B PRI i e RRER S HE [T ] AR R
#4,2013,35(5) ;573 -576,582.
Yang ] M,Zhang Z Q,Yu X B, et al. Rapid determination
of soil nitrate content with continuous flow injection —
ultraviolet spectrophotometry [ J ]. Journal of Jilin
Agricultural University,2013,35(5) ;573 -576,582.

ARG, o, HER , 45 FEARRE Sl R A i R b £
SR A RN A R R R 22 W O 1 [0 ] B g b B
2#,2020,57(3) :553 - 561.

Zhu ] R,Ma L,Kang L, et al. Review on the method for
reducing measurement error of soil nitrate nitrogen and
ammonium nitrogen during sample collection and
preparation|[ J ]. Xinjiang Agricultural Sciences,2020,57
(3):553 -561.
SRR , 7K 4% , AETE3HE , 55, Superfloc127 FI T HUMR I
— 169 —



HoO

et

w1 http; // www. ykes. ac. cn 2021 4
EHEWAR S BT T ]. Rl T2, light — source scheme of GPMAS[ J]. Modern Scientific
2015,31(1) :196 —204. Instrument ,2016(6) :53 —55.

Zhang 1. N,Zhang M,Ren H Y , et al. Feasibility of rapid [23] ARPII5, #AK ML, J0 2, 4. S R IO ik i 2
detection of soil nitrate - nitrogen content using IR K ASER EE A A A IR IR A LT ] Ak T
Superfloc127 in ion - selective electrode [ J ]. +4,2020,29(1) .75 - 78.

Transactions of the Chinese Society of Agricultural Dai A F, Huang Y F, Fan H, et al. Determination of
Engineering,2015,31(1) :196 —204. NO, ,NH, ,NO; - N in groundwater samples by gas —

[16] K, bk, G oy, 25 Bl g LI S AU S phase molecular absorption spectroscopy [ J ]. Chemical
)] Rl HIFdR ,2016,47(1) <118 —125. Analysis and Meterage ,2020,29(1) .75 -78.

Du S F,Cao S S,Pan Q,et al. Improvement of detection [24] H#%, okadh ke e 4 S R IOEIE I 2
accuracy of soil nitrate — nitrogen based on ion selective KPP E AW A [ T]. T 28 Wm,2019,33
electrode [ J ]. Transactions of the Chinese Society of (3):102 - 106.

Agricultural Machinery,2016,47(1) :118 —125. Chang M,Zhang J Z,Zhang ] Y, et al. Determination of

[17]  fLW, 5k 4% AT, 55, + 3 AY 25 20 AR I 8 Ay P ammonia and nitrite in water by gas phase molecular
AT T 258 [T ] ARl 2015 ,46 (B5 ] absorption spectrometry [ J ]. Arid Environmental
1).102 -107. Monitoring,2019,33(3) ;102 - 106.

Kong P, Zhang M, Ren H Y, et al. Rapid pretreatment [25] BRE 1%, wAE, % SR - SAHS 7%
method for soil nitrate nitrogen detection based on ion BOBIEEI E e J A LT ] A LRI, 2019,
selective electrode [ J ]. Transactions of the Chinese 33(9) .28 - 30.

Society of Agricultural Machinery,2015,46 ( Supplement Lv B Y,Pan Y,Lan Y C,et al. Determination of ammonia
1):102 -107. — nitrogen in soil by using potassium chloride extraction

[18] ZEE. KA TWWOERE s TIE Kb i A& and gas — phase molecular absorption spectrometry [ J].
MET]. G4 THF5E,2018(12) 111 - 112. Chemical Engineer,2019,33(9) :28 - 30.

Li F J. Determination of ammonia nitrogen in wastewater [26] Z3,mk, BARE 4. S A TR IEiE 4ot
by gas — phase molecular absorption spectrometry [ J]. JERETE I E LR Z R A B LT ] il g =,
Modern Chemical Research,2018(12) :111 —112. 2019,38(12) :1436 — 1439.

[19]  ZRRZ2,INEDE. KA TR sl & K P ry R R A Bao W, Huang Z,Li B Y, et al. Comparison of gas —
HIFsE[J]. #F7K ,2018,40(4) 107 - 108. phase molecular absorption spectrometry and spectro —
Li C H, Sun J Y. Determination of nitrate nitrogen in photometry for determination of ammonia nitrogen in soil
water by gas phase molecular spectroscopy [ J ]. [J]. Chinese Journal of Analysis Laboratory, 2019, 38
Underground Water,2018,40(4) ;107 - 108. (12) :1436 - 1439.

[20]  ‘RWEFE, T, BEZAL, 55 SR> T RO 1 20 € PR i 77 = PO S S 778 S e R b ve
WFK PR AMPIRL) ] 55k J&,2018,30(6) HrbrErt R ). 5 I, 2017,36 (1) =82 - 88.
232 -233. Tian K, Yang J, Sun Z J, et al. Preparation of soil
Zhu X D, Wang W, Liao A X, et al. Determination of certified reference materials for heavy metals in
ammonia nitrogen in surface water by using gas — phase contaminated sites [ J]. Rock and Mineral Analysis,
molecular absorption spectrometry [ J]. Environment and 2017,36(1) .82 —88.

Development 2018 ,30(6) ;232 —233. [28] Pan L. B,Wang Y,Ma J,et al. A review of heavy metal

[21]  BERIGEE BRENE, RN, 4. SAH 0 F OO G s 2 0 2 pollution levels and health risk assessment of urban soils in
sk ERik e N L)) ) 44k 1, 2018,45 Chinese cities [ J ]. Environmental Science and Pollution
(8):230 - 231. Research International ,2018,25(2) ;1055 - 1069.

Chen H Y, Ou J H, Chen S, et al. Determination of [29]  XIEMVE, X34, XUES. SAH 43 T W SO G 3% 16 0 52 Wk
sulfide in waste water by gas phase molecular absorption Kamib &2 0)]. Rl 2F223,2020,36 (2) :
spectrometry [ J ]. Guangdong Chemical Industry, 2018, 313 -316.

45(8) :230 -231. Liu P X, Liu F K, Liu C. Determination of sulfide in

[22] 308 WL, R, 4. S T RO GTEEO G TR monosodium  glutamate by gas — phase molecular

AT EERT LT ] B2 1R 2016 (6) 53 - 55.
Qi W Q,Zang P A, Hao ], et al. Discussion of optimal

— 170 —

absorption spectroscopy [ J |. Journal of Analytical
Science ,2020,36(2) :313 - 316.



514 RFE, A SR T IO TE A I E 3 P B S R S 0 & B 5540 &

Determination of Ammonium Nitrogen and Nitrate Nitrogen in Soil by
Gas Phase Molecular Absorption Spectrometry

WU Hao', ZHU Hong — xia”, YUAN Mao®, XU Ren —ji*, XUE Li — dong’"
(1. Environmental Monitoring Center of Hubei Province, Wuhan 430074, China;
2. China National Environmental Monitoring Centre, Beijing 100012, China)

HIGHLIGHTS

(1) Ammonium nitrogen and nitrate nitrogen in soil were determined bygas phase molecular absorption spectrometry
after simultaneous extraction with KCI solution.

(2) Compared with the standard methods based onthe spectrophotometry method, the limit of determination, and
the precision and accuracy were improved significantly.

(3) Only 5 hours was needed for the analysis of 50 samples.
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ABSTRACT

BACKGROUND: Determination of ammonium nitrogen and nitrate nitrogen in soil makes great sense for indication
of the nutrient status and environment evaluation of soil. The standard methods based on spectrophotometry are
susceptible to interference from the color of the extraction test solution, turbidity, and other coexisting ions.
Moreover, those methods are time — consuming due to the demand of decoloration.

OBJECTIVES: To establish a convenient and high sensitivity method for the determination of ammonium nitrogen
and nitrate nitrogen in soil, based on simultaneous extraction.

METHODS: Ammonium nitrogen and nitrate nitrogen in soil were simultaneously extracted with KCl solution
without decoloration, and determined by gas phase molecular absorption spectrometry.

RESULTS: 50 samples were determined within 5h due to the avoidance of the color reaction process. The dynamic
linear ranges of ammonium nitrogen and nitrate nitrogen were 0. 10 — 2. 00mg/L and 0. 20 - 4. 00mg/L,
respectively. The detection limits were 0. 013mg/kg and 0. 002mg/kg, respectively. The recoveries ranged from
96.3% to 100.7% , and the relative standard deviation was below 1% .

CONCLUSIONS: Compared with the national standard method based on traditional spectrophotometry, this
method has significantly improved the detection limit, precision and recovery. The method can be widely used in

the field of detection of ammonium nitrogen and nitrate nitrogen in farmland soil.

KEY WORDS: soil; ammonium nitrogen; nitrate nitrogen; simultaneous exiraction; gas phase molecular

absorption spectrometry
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