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Spatial Variation of Ammonia-N, Nitrate-N and Nitrite-N in Groundwater of

Dongshan Island

WU Hai-yan', FU Shi-feng'* , CAI Xiao-qiong', TANG Kun-xian', CAO Chao', CHEN Qing-hui' , LIANG Xiu-yu’
(1. The Third Institute of Oceanography, State Oceanic Administration, Xiamen 361005, China; 2. Center for Hydrosciences
Research, Nanjing University, Nanjing 210093, China)

Abstract: In Dongshan Island, groundwater is the main resource of the local residents’ drinking water, domestic water, agriculture
irrigation and freshwater aquaculture. This study aimed to investigate the spatial distribution characteristic and its variation pattern of
ammonia-N, nitrate-N and nitrite-N in groundwater, as well as its pollution source and influence factors. It is very important to
understand the pollution level of ammonia-N, nitrate-N and nitrite-N in groundwater of Dongshan Island, the control and prevention of
ammonia-N, nitrate-N and nitrite-N pollution, which is of great significance to the residents’ health. In this study, the spatial
variability characteristics of ammonia-N, nitrate-N and nitrite-N concentration in groundwater of Dongshan Island was analysed by geo-
statistic method, the values of the non-observation points were determined by Kriging method, and the pollution characteristics of
ammonia-N, nitrate-N and nitrite-N in groundwater of Dongshan Island was also analyzed. Our results showed that the ammonia-N and
nitrite-N concentration in groundwater of Dongshan Island were at low levels, but their spatial variability were high, and their
autocorrelation were poor; however, the nitrate-N concentration was general high, its spatial variability was moderate, and the
autocorrelation was much good. The distribution characteristics of ammonia-N, nitrate-N and nitrite-N in groundwater of Dongshan
Island were similar that the high concentration areas were all located in the coastal land. The domestic pollutants and human and animal
wastes from towns and villages were the main sources of nitrogen pollution, which would be the first step to control the nitrogen pollution
of Dongshan Island. Land use pattern, soil type, groundwater depth, pH, dissolved oxygen, season, and the existence of Fe** were
the impact factors that influence the distribution and transformation of ammonia-N, nitrate-N and nitrite-N in groundwater, which could
be the considerable factors in the control of nitrogen pollution in groundwater of Dongshan Island.

Key words : Dongshan Island; groundwater; ammonia-N; nitrate-N; nitrite-N; spatial variation; evaluation
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Fig. 1 Location of the sampled wells in Dongshan Island
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Table 1  Statistical analysis of ammonia-N, nitrate-N, and nitrite-N content in

groundwater of Dongshan Island in wet and dry season, respectively

WiH By BEA L T/ME NN XA brif 22 BUETEN

NO- N 7K 71 1.72 72.5 23.316 14.993 0.643
} FKH 64 0.307 49. 33 18. 587 11.310 0. 608
NO- N 7K 71 0 0. 768 0.0237 0. 098 4 4. 146
: FKH 64 0 0.758 0. 0598 0.175 2.935
K 71 0.023 4 35.246 0.727 4.320 5.947

NH, -N
FkH 64 0. 004 17.49 0. 386 2.211 5.725

®2 RLUBHMTR=ZR"KREFEREN/mg-L!

Table 2 Variation of ammonia-N, nitrate-N, and nitrite-N in

groundwater of Dongshan Island between 2004, 2007 and 2014/mg-L !

ARy NO; -N NO; -N NH, -N
2004 14.72 0. 111 0.41

2007 ({4 K HLIX ) 17.6 0.01 0.271
2014 20.95 0.0418 0.557
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Fig. 2 Trend analysis of ammonia-N, nitrite-N and nitrate-N in groundwater of Dongshan Island for wet season, respectively
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Table 3 Parameters of the semvariogram model of ammonia-N,

nitrite-N and nitrate-N in groundwater of Dongshan Island

B8 NH; -N NO; -N NO; -N
Y 2 AR LRI BRI
e (Cy) 10. 4 0.0015 20.6
EEC,+ ©) 33.5 0.001 5 117.9
Co/(Cy +C)/% 31 100 17
AR (h)/m — — 3080
WA 0.51 0.43 0.71
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Fig. 3 Semivariogram model of ammonia-N, nitrate-N and nitrite-N

in groundwater of Dongshan Island, respectively
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Fig. 4 Contour map of ammonia-N, nitrite-N and nitrate-N in groundwater of Dongshan Island for dry and wet season, respectively
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Table 4  Pollution assessment on ammonia-N, nitrate-N and nitrite-N in groundwater of Dongshan Island

for wet season and dry season, respectively (2014)

i H E S| NH,' -N NO; -N NO; -N REABL
e iyl 44.7 37.4 93.5 71
SEPR I AR km?
AP FRTR ko FkH 39.1 70.5 83.8 64
_ 7K 11.9 0 133.5 71
WHO L/ km?
AR kan FkH 18.2 0 133.2 64

W5, fH NH, -N (% £7 76 B G MR 7K IE 32 2008 i 15
Ye A N, N 3 W7 A 7™ B 0 A 3
gelrig gL

K IINO, -NR B 5 X 32 250 A5 7 5 PG AL
14 R 43 DX 3R e 2R 0 01 A Tt b R A 1T AR 37. 4
km?, (54 S A9 19. 1% 5 FAKIINO, -NYR B 25
(B IX 3 24340 76 5 PO RE B 0 J WA PR IRAS . AR
TRAG L TR | ARIEFE A 36 LA R Sh 28 K | e B A v
PERT AR AR 70,5 km?, 54 AR AY 36. 0% .
NO, -NTE=F 7K1 F- 25 v Jog 0 s o AR 28 o2 Ay
I, B BT KRR M i AR T R
B AEAENO, Ny 3 48

HiZKIINO, -NBRE T 45 55 w2 1) by HAth X kv

JEARAR =, e e (B 3 BUAE 5 o 3 1 B AT A, A )
72.5 mg-L™", HARE AL 93.5 km®, 5 4 % ALY
47.8% ; FKWINO, N BEATH R 3 3 55 vy , {HSF- 3
18 S RAE LA SRR A T R A A /K U B S 7 AT
PRI 83. 8 km®, i 4 S THIFLAY 42. 8% . F/KIH
FINO, -Nfe B B AIG A% J R 78 1 R N 2 R B 17 0k
J | RIS SR Ak R A A NO ;- NV A BT R AIK.
gt 26 B, M F K o B9 NO; -N ¥k HE 2 13
mg« L™ 50 AT LA T 7K 2 31 T A0 sl s
B NS (e ABR ST, AR E Ak 71
MFEA 68, 8% MK IFAZH) T NFEFEMA , 5200 17 FH
131.2 km®, (52 B K 67. 1% ; Kkl 64 ¢
A 68.8% B K I Z ) T NFK W, 5w
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Fig. 5 Areas distribution of ammonia-N, nitrate-N and nitrite-N exceeding the Third

class standard of Chinese quality status for groundwater in dry and wet season
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Table 5 Correlation analysis between ammonia-N, nitrate-N, nitrite-N and other environmental parameters

Bt =] NO, -N NH, -N BAIIR/N pH DO Cl-
AHIC R AL 0. 040 -0.103 0. 167 0.354*" 0.186" 0.308* *

NO; -N M 0. 642 0.236 . 053 0. 000 0. 031 0. 000
FEARL 135 135 135 111 135 135
AR 0.466* * -0.193" 0.256** -0.181"7 0.183"

NO; -N BEE 0. 000 0.025 0. 007 0. 035 0.034
FEA K 135 135 111 135 135
AR AL -0.401** 0. 185 ~0.184" 0.233**

NH, -N B2 0. 000 0.052 0. 032 0. 007
FEA K 135 111 135 135

1) = # FRMRIETE P <0. 01 KV 535 ; « FoRARCIETE P <0. 05 /KPR35

£6 RELHFARE =R WRENT

Table 6 Concentration of ammonia-N, nitrate-N and nitrite-N in different land use type

5 R W A i

K3 FoKki 7K FIKI K3 FIKI K3 FIK I
FEA K 53 48 7 5 10 10 1 1
NO; -N/mg-L"! 24.48 18.78 28.09 21.24 15.17 17.39 9. 86 8.1
NO; -N/mg-L"! 0. 031 0. 067 0.0023 0 0. 004 0. 003 0. 005 0.59
NH; -N/mg-L"! 0.96 0.50 0.038 0.015 0. 040 0. 046 0.036 0. 068

VA R, (EUE: | A HH E A 7K 300 o 251 it 1) 200
HLHEmBEEYZE, KoM EEC ikl
NO; -N (S AAE A% B i B2 R 30 ~31°C) , F7k i
IR B 5 i KB I NO, -N e AR 2 MR
K, SIS E

4 AL S af e =/ PR E R E X (e
X3R) FEEAATAESZ N R 1 SR SR P8 A L 5
WD P9 0 P i, 328 32 X = G e R s s v L A
MIREA N AR ZE WA AREER. Bl RIEAr
] s REL AT R S ) B A (< =R RO MR B S AR ) |, B
A3 DX IR R 7 i X, R KON JBIR AKIR A, < =
RS SO 5 5 P R A A K R 5 0 A TR
Bt b X6 0 R R 1 T R R s ), LR
S AR EE X, o DU T ERE K AR
VU JE AEAE SR 7K AT U iy, PR 0 3 v o B bt K o
“CEATIE SEA S T R
3.2 HARFKMNTH T K =R R

A SR AT R B2
AR T KR R e i g, £ DRI RS TR AT (R 7). SRR

Bl6 FLBTERBHHTE
Fig. 6 Soil type distribution sketch of Dongshan Island

HOURAL T O ST B A v ARt B D) AR K SRR A R e B
R, RO A R DR gy, N B RS R OR. WL
RSB E AR+ | BHE A+, PPN -NAINO, NP UR B f i, NO; -N e
R, BEAKREED . R g 1K RS TR0 T K NH NP2 O R AR,
LS 00 HEH A () KRR T RD B A fR R 45 NOS NI 5 5 R HEH F oK NH -NFINO; -NF-
W=H R B ERATAM LR 6). M=k Bk NO; NERAE. KUIEE L TR B



3210 AN 5%

Bt 2% 36 #&

S, NH, -NEE &) B30 A5 e oK, il b f2
i, RIENO, -N B B eI AH L 3 IR AR

TR T AL , R AR, A T RO
MHEAT , BRNO, -N R I .

RT “ZREARLTEN B TOKPHFERE

Table 7 Average concentration of ammonia-N, nitrate-N and nitrite-N in groundwater within different soil types

LEekE WA PEAK NH," -N-F- 2k 2 NH{—N A NOy -NP-Iy¥eE NOZ’;N’#ZF\ NO; N2k g NO;;N’FTAZF\
/mg-L"! R/ % /mg-1,"! AR/ % /mg-1"! AR/ %

ik 31 0. 099 3.2 0.003 0 23.48 51.6

+ 5 FKi 27 0.14 3.7 0.001 0 19.18 40.7
] 0.12 4.3 0. 002 0 21.48 46.6

ik 9 0.084 11.1 0. 008 1.1 25.86 77.8

RE FKH 0. 086 1.1 0.074 1.1 24.30 77.8
-y 0. 085 1.1 0. 041 1.1 25.08 77.8

MK 31 1.54 9.7 0. 049 19.4 22.41 58. 1

{31 FK 28 0.72 10.7 0.11 25.0 16. 18 32.1
Ty 1.15 10.2 0.079 22.0 19.45 45.8

M KB (A Y JE f“)iﬂ%%ﬁﬂﬁﬂﬁ?7k
e SR E SRR M KA R, R
R ,i*jtTiif@kﬂ’JT@E%ﬁ,L%Tﬁuﬁ/\lﬂﬁ
JK A BSF ] b 7K 32 B S0 PR 85 RN S0 2 i 52 )
/N MRS 5y 52 535 e %Hﬁ?ﬂdifﬂl“:
R I E HEAT Spearman FH TR HT (K 4) , 45
R, R KRR FINO, -NFINH, N{Kﬁﬁ%ﬁ*ﬁ
K, UEB LT /K 3R B R, NO, -NFITNH, -N B v JiE
AL, VP2 I MBS R B, NH, -NiEA £ 4
Jei , PR 42 1 38 J2 Bl g o oo 2> PR 0
NH,' -N A9 8 Bl 7 - SRR BE 38 iy > B, iR 7K
MR ENO, N B A B o (A G
3.3 i ROKH SR AR S R

AW B3 HF TNOS =N, NO, -NFIl pH i 56
(£ 8). KA T K 3 TR B 2 NO, N
NO, -NAI pH BIREALLE 111 4>, Hor 54 SRR ERE
A, NO; -NFINO, -N -2k B 28 7375 56 4~
PRBHE E A, NO; -N FINO, -N () 3 24 3 i Fb 20
327. TEBRMERIIREE T, NO, -N B 25 9 B8 2 iR 1k 24

BRWRE 2 | AR AR T LG B W S T R M
W, [FIRE, 25 0 Fr & B pH FINO, -N,
NO, -NEEH (P <0.01). — i, X EELEN
h SR A R AR P A R R AR, —
W OLT |, R R il b 200 T8 T R B R e 58S
LA S R GR T B —Th i, X S AR ST
KL R ) Fe? " WREEA K. Fe’ SRR #ENO, -N Al
No--N%M’JEEI%,Fe“E-?ﬁ%iﬁﬁﬂﬁr
05 EA B p A, i Bt 8 W h 25 R A 4R
4Jm_J$fir“ ARG NO, . ZR 1L R KB Y R
15,2000 A3 AR LS AR 1 i T K A I A5 A
7 %Er%m%i&ﬁkﬂlﬂ%&éﬁﬁimﬁ?ﬂtzﬁlﬁ
0.03 ~12.0 mg-L~"""" 2001 4EF12007 4EHAMRHIF
TOT X6 2 L5308 43 b DX %) bt 7 ), 3 I A7 ik
REARBLG L BESRIE R MR K AINO, -NTE
Fe** BIMER T, 58 5 AL A NO, -N, ffi£5 3 F K
NO, -N& #5455 i I K bR . F ]
L, 2R L R A X e K R ) Fe t R B B
SRR LS 3B A3 DX AN O, -N e i s v ity o i

x*8 EAMEKEEMEMEKFENO; -NFINO,; -NEIR B b8

Table 8 Comparison of nitrate-N and nitrite-N in acidic groundwater and alkaline groundwater

. v NO, -NF-¥1H NO; -NF-¥{H NO; -N/NO, -N e
5 ; 3 NO; -Nikz
o . /gL gL A I VAR
fig 54 0.03 18. 56 737 5
B 56 0. 07 22.89 327

B AR =/ R R 2 — X
A R B RS . B XT 135 SRS AY
NH, -N., NO, -NFl NO, -N5 % i % /) Spearman £H
KAEHT (e 5) R, A ARINO, -N i 35 1E A 3¢
(P<0.05), MINO, -N, NH, -N i # M & (P <

0.05). X FE R T Sk B, A R Tk
KN BHEAT , A 2 NH, -NF AL R NO; -N, fif [R] i s
Tt Ak R ] e BRI, NO, -N M NO, -N LA K &S 4k
(R R AR 8 /T 5 INOS -NIIE R AE e, X 5
Gomez 51 BURIFFT 45 R —3%.
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(1) 7R Ll 5 MR 7K S AR TSGR 25 AR W,
JEHIENO, -N, BRI R A L, 29— X sl
T 3R EH R K FERE(GB/T 14848-1993 ) I 2 #x
HE, 29 90% A H T TH S T A 4 2L 22 A AR K b v
(10 mg-L™"). 2014 4751105 R K &UT5 42 Fb 2004
AEF1 2007 AEA N EE By, BRI, AR L B R K A
15 YL R A PR 5 R R A R FH .

(2) ZR 111 5 M R 7K NH, -NFINO, -N Ay & Bk
AR RS [ AR SRR, A AR DGR 22 ) TTTNO, -N
(1) P e A ey, 2 () A A R B Th S8R SR 23 ) H
FROCHE R b, 25 [A] A8 Sk py DX B R R s il < =
R AEA I 1Y 23 18] 40 A FRAEAH 0L, Ve B /R (B X 3 43
A7 A 3T 16 [t ek

(3) SHRAFLRIAR A () A= 15 75 e RN 78 250 HE i
Py I el Rl = W 5 7 W % S R/ E
A EZE 3R AR L ) iR R A ST o8 3 () 75 K A A
PRAF . Al AR RN A Ik H DX (18 ¥ 7K SR 2
K =R ORI Z —.

(4) RN =0 76 R K T B AR G TR 28 A
Z. MRS K B AT Y =F ok ™8 NO; -N
RS IR A i R R K b vk B B, NH,-N A
NO, -NWFERD BT 35 b T /K o fe i s SBE b T K Hp
NO; NV BE B 25 TR | A FORUAR b TS Pt
JKHINH, -NBA I i T H A R S, R K
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A A TSSOV, NO, -NHR B .
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