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A study of nitrate background level of shollow groundwater in the Liujiang
Basin
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Abstract:The method of calculating groundwater nitrate background level was explored in Liujiang Basin as a research object.
Based on a comparison and analysis of methods adopted both in China and abroad, the authors firstly used an absolute concentration
and milliequivalent percentile double factors method to eliminate outliers macroscopically, and then employed hierarchy clustering
analysis combined with principal component analysis to investigate hydrochemical characteristics and identify anomaly category for
further candidate selection. The last remaining data were examined for distribution type with the range of groundwater nitrate
background level being determined by the cumulative frequency method. The results show that, although the absolute concentration
and milliequivalent percentile double factors method cannot completely eliminate outliers, it helps to reduce abnormal information

and subset for subsequent hierarchical clustering analysis identifying outliers. Hierarchical clustering analysis method takes
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advantage of identification of artificial and natural anomaly in that it emphasizes groundwater hydrochemical characteristics

analysis. Compared with the mathematical methods, it is more efficient to identify outliers and more reasonable to calculate

groundwater nitrate background level by using the two methods in combination. The outliers analysis shows that the high nitrate

content in shallow groundwater is closely related to overuse of agricultural fertilizer and living sewage and faeces infiltration in

Liujiang basin.
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Table 1 The categories of median concentrations in hierarchical clustering analysis

P & K Na Ca Mg HCO; Cl SO, NO; TDS pH i
[ 40 19 10.5 589 10.5 140.4 15.6 57.0 275 271.2 7.5
11 17 44 319 97.8 272 224.5 269 178.7 53.7 554.4 73
A 22 1.8 10.3 425 8.6 92.8 12.8 46.1 26.6 204.7 7.5
B 18 2.0 11.6 85.8 163 222.1 17.0 729 289 3554 7.5
C 7 4.1 61.2 129.1 36.5 275.8 227 2722 15.6 706.3 73
D 10 11.2 285 882 263 203.8 29.8 94.0 68.3 488.8 73
1 B pHAR, FABLH 5 P07 mg/L,
o R
o] N1 \ ARG 4 S ZERAE AL B IR 10 AT A, A2 F
N BIE B X Sk, AR B
- \ IFAFRTAEE . C M 2K SRR 15 3 S A M AT X I
ST HUKHKIRIET . D W2 TRE 51950
=" N TR T I M DA TR
% 00 \ WA O 12 . 2 HCA B SEREI R
\ FH N TERIE R ST I ST R ST HCA B YA T2
" \ L HIFORMEERMAR, A TRREE R KK
oL e EN mEN e NI EN tossFokEm e K amok msg, e B
K Na Ca Mg HCO3 l S04 NO3 DS

Ko 1265 124 B IR LL IR
Fig.6 The ion concentration comparison diagram of class |
and class II

BWEMCIEFE S MIESI.Omg/LZ T, it
T £ PR 1 %) R (B 5 HCA 2T G S I 2K 3%
AAALE, ULIE 8

iz FH 3 W53 53 W 43 DAL 2 i 7 2= R K Y
FESLM AR o F R P BCRAE AR R T 1 A%
R BRI 2295, e KA E s i 2028 T4
BBV T AOK L 2E R R RS, T o0
XTiEAT HCA 1Y 57 AR AT 9041, 2 4> F B0 e
R 7 25 1 R TTIREE N 67.1% , 103K T 57 414K
PEA KR B UL 90 B4 1 32 IR AR /A8
A TDS.SO.> .Ca* \Na" Mg* fIHCO; , 154> H i i
1A NO; Fil pH {B H 1 sg mi 5 155 , R 148
FEM TR EERRE . B2 FEMIERS
AR NOs FICL, pH {E N 2 M 174553, TDS K
Na",Ca’ Mg  FIHCO; 1EA350 5/ HAE R i AE H L
55 , X BB 2 SR A B R 6T b T 7K A 52 el

HESHAEH . BIZEH T /KK R E R ZRIK A
YEFH 5200 , Fh % TDS, C 735k Tk % 252 5]
HF 5 X e AU AE 1] A 2 R S I, fb 2 R BN 5
SO, F1 TDS, # )2 Bk 0 (1) S Ak R 32 28 bl
HIES DS R KK R B2 ARG B
(R, AR A HE 9 it A L R AR T TS K S
W AAE BT B 05 YL AU A A SIS Sl s i (A5 R
K NO; FICL 12 5w 4 o MR A% 2013 AT 4L
HiHEF R S BT , 425 BT R 2K K H R NO,
Cl Y 55 1 = vl Aok H RS IX | A6 15 K 5
BB T B 15 YL, 10 NO, KA1 SO 5 it AH Xt
B, SIS I Al PR e RUIE | R
RO 25 VD52 . 25 1, T LUK E D SR H oA
A T8, BT AR
42 BEEITHE

FERC S H SR 2 5, RIS BT AR ) 4
AR, 3z FH K — )8R BeA5 59 (Shapiro— Wilk) |
Pl IR B8RRI R — W K R 3 SR ( Kolmogorov—
Smirnov) 7% i B 4 12 DA M Q—Q R X EE 1l
ZEAFIWT, 1 3R 7 2 RE ) U S 1 A 5 1) A 2

http://geochina.cgs.gov.cn H1E LT, 2016, 43(2)



678 F E5] Hh Ji 20164
i cl - SO
78 500-
60 - -
400
&= 50+
B E’m-
= 404 =
- =
g 30 32 200 -
io .2 ) +
o T T T T T T
A B C D A D
100+ NOs DS
1000 -
80+
800
60
-
E, ? 600
= 404 =
# 99
0- 5
0 -
220 . ; . ,
A B c D A D
57 41724 C1.SO. NO:HI TDS I I &
Fig.7 The box figure of Cl, SO4, NO; and TDS of four subclasses
A B o) D
lm L 1 1 L &
1.0
0
." - 3 aCl
80 r
i -_." 0.5 K
| 59mg/L - oo S€aTDs
‘TEa'i i 49mg/L : . o N
z - = 0.0 .SG‘
S 404 Lo =
0.5 pHIIL
20 - =
-
0 - l | -1.0 4
00 01 02 03 04 05 06 07 08 09 10 1.0 05 0.0 0.5 0
Fitgg ogdl

P18 NOZR A< Hy £ P R4 7 A 7 P

Fig.8 The cumulative frequency curve and four subclasses

box figure of NO,

http://geochina.cgs.gov.cn {1 E M1 5T, 2016, 43(2)

9 Tt K5 22k 2K

Fig.9 Varimax—rotated loadings plot of PC1 versus PC2



al

43 2 R LA TR 2 3 T K AR ER 5 SHE T 679

119730
10

10

10’

- ° - 10’

AR A

o AT e BEF « CFH m DEH

00"

19
gty R --- gl — i I ok R

110 HCA 437 3R A i A8 1#
Fig.10 Location of sampling sites of HCA four subclasses

THRER 19 TE A Q-QE

P RLB

BT S (e B i s Q—-Q I
Fig.11 The Q-Q plots after eliminating outliers

A, L 7E Kolmogorov— Smirnov 72 fl Q—Q K] ¥
HEAT Z5 A 5 UEECHE (9 43 A 254 . Kolmogorov—
Smirnov 5 & —Fh LA BE A 56 77 1, Q- Q ik

i I Q—Q I B W RicHl i A A S AR, L
PEIK - ofE 4 0.05 , 32 1 SPSS19(H SC R ) S B As iR
R BHE 51T Kolmogorov— Smirnov 15 K6 16 & 75 1 /&
ER A B 2 {6 0.6, P(E N 0.84>0.05, A 4H
A J R, DR BRI IEZS 0 . iR R W
S JE IR ER AR 1 IE S Q—Q I, K L iy s bl b
FE— 5 FLEBHET , T LA W 540 Al DA LE 2407, DL
Kl 11. 255, 255 (A0 5 0 il Rk £ Al M IE

[ R S [ ZE AT T K 8 S (B 5E R 95
BN EE TS S LR, 95 B BURTESE
THIEA 0 E— A o B SR (Y, RS
I 95 51 56.4 mg/LAE I HIVT A5 Hu bl ™ 7K AR iR
AT BB, A SRR 26.1 mg/L.

HR A B R B A5 Nz R RV 28 3245 R 1
DXCHE N /K AR PR R T 5 (H IS (E R 14.4 mg/L ™, T
VT2 b 1 DX TS AR PR e 5 e Wk 3 2 5 1 L
X, 3 — 55 T4 A5 A1 i X 3t T AR 7S
U 0 28 5L 5 b DR TRk R 3 R L L X

http://geochina.cgs.gov.cn H1E LT, 2016, 43(2)



680 el [

b J 20164F

®2 EERETEAEHRILE
Table 2 Comparison of various methods for calculating
background level

ik Hh A R A TR B
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Ro 282 67.6
GICPD 28.2/45.6 67.6/160.1
XA F+HCA 26.1 56.4
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HCA Jg XA FIE FHCA 255 SIS0 J5 TR 3 5u ;5
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S 67.6 mg/L, 5 oA SEA R, B

XA F AT HCA 45 G AT SHEARIT . X3
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(3)MIIT. 7 4 2 b R K R 6 53 % 5 Al Ak
JIEL F 8 kit FH R R A 9 5 K R by WA 1 R B
TR BBV R

S 3C#k(References):

[1] Bohlke J K. Erratum: Groundwater recharge and agricultural
contamination[J]. Hydrogeology Journal, 2002, 10(3): 438—439.

[2] Vitousek P M, Aber J D, Howarth R W, et al. Human alteration of
the global nitrogen cycles: Sources and consequences[J].
Ecological Applications, 1997, 7(3): 737-750.

[3] Schlesinger W H. On the fate of anthropogenic nitrogen[J].
Proceedings of the National Academy of Sciences of the United
States of America, 2009, 106(1): 203—208.

[4] T3CHL. AR MR /KRBT 15 S (R AR S A e
J&t, 1991, 10(1): 38—43.

Yu Wenli. The characteristics of background values of

FURELT]. WMk

environmental groundwater and their variation regularities in Jilin

http://geochina.cgs.gov.cn H1E LT, 2016, 43(2)



$43E B2

PR VLG R TR 17 S 681

Province[J]. Jilin Geology, 1991, 10(1): 38—43 (in Chinese with
English abstract).

[51 FFJ38k, i . Ay 5T R /K PR S 0], T 5 BRI M I,
1994, 8(1): 14-16.
Qi Wangqiu, Zhou Jinlong. Environment background values of the
groundwater of Shihezi City[J]. Arid Environmental Monitoring,
1994, 8(1): 14—16(in Chinese with English abstract).

[6] E/F X3, AL aTH R AT i AR R 7K PR S A
SR [I]. Sk, 1994(2): 20-28.
Wang Xiaoling, Liu Yu. The investigation of the groundwater
environment background value in Beijing Yongding River Alluvial
fans[J]. City Geology, 1994(2): 20—28(in Chinese).
[7] =, 4R, i k. B2 # R KIS s R A 5
AF5E[I]. b, 2006, (1): 24-28.
Xia Chen, Li Jinzhu, He Zhongfa. Research on geochemisty
background value for subsurface water in Shanghai[J]. Shanghai
Geology, 2006, (1): 24—28(in Chinese with English abstract).

[8] SR, Jil 4 e, F R, 55 B HURGH M T /KRS SHAE[I].
BT, 2011, 33(1): 61-63.
Guo Xiaojin, Zhou Xiaolong, Wang Yiping, et al. Tarim basin
groundwater environment background value[J]. Yellow River,
2011, 33(1): 61-63 (in Chinese).

[91 sk, PhAREN, Bebht, 45, BRVT =AML X N KBRS S W)
ABWESELI]. LR, 2011, 38(1): 190-196.
Zhang Ying, Sun Jichao, Huang Guanxing, et al. A preliminary
study of natural background levels of groundwater in the Zhujiang
River Delta[J]. Geology in China, 2011, 38(1): 190— 196. (in
Chinese with English abstract).

[10] XIS, AR, Ao, W st KPR SHE ). #h
Ik, 2014, (4): 147-157.

Liu Wenbo, Feng Cui’ e, Gao Cunrong. Background value of
groundwater environment in Hetao Plain[J]. Earth Science
Frontiers, 2014, (4): 147—157 (in Chinese with English abstract).

[11] Natural Environment Research Council. Natural Baseline Quality
in European Aquifers, a Basis for Aquifer Management
(BASELINE) [R]. BaSeLiNe, 2003.

[12] Nieto P, Custodio E, Manzano M. Baseline groundwater quality:
An European approach[J]. Environmental Science & Policy, 2005,
8(4): 399—-409.

[13] B2, B I Es. b T KBRS SRR AR S8 vk (0], T e

REZAR(AZABIEIR), 1994, (Z3): 16-20.
Qiu Hanxue, Huang Qiaozhen. The concept of groundwater
environment background and its determination[J]. Journal of
Ocean University of China (Social Sciences), 1994, (Z3):16— 20
(in Chinese with English abstract).

[14] BETET5, BRALE. # T KRBT A A0 52 [J]. P AR IR T,
2004, 16(7): 90-92.

Fan Lifang, Chen Zhihua. Determination of environment

background value of groundwater[J]. West China Exploration

Engineering, 2004, 16(7): 90— 92 (in Chinese with English
abstract).

[15] &k X0, AR A, TRBL 45, AL T7 m i b 7K 43 A5 R S

RA3HE[T]. Hr EHL TR, 2010, 37(3): 747-753.
Han Shuangbao, Zhang Fucun, Zhang Hui, et al. An analysis of
the distribution and formation of high arsenic groundwater in
northern China[J]. Geology in China, 2010, 37(3): 747— 753(in
Chinese with English abstract).

[16] & ik, 552, ;L. 45, 5 V8 me 3 DX JRU T KRS AiE B A

BT[], TP EHLR, 2014, 41(1): 294-302.
Lu Mengsheng, Han Baoping, Wu Fan, et al. Characteristics and
genesis of high— fluorine groundwater in southwestern Shandong
Province[J]. Geology in China, 2014, 41(1): 294—302(in Chinese
with English abstract).

[17] #37, X ey, ¥ 7 g, A5 1L Vo e iy DX S 7K o At g s ek Ak

SEREREDFSELT]. T EHLE, 2010, 37(3): 809-815.
Xu Qing, Liu Xiaoduan, Tang Qifeng, et al. High iodic
geochemical characteristics of the groundwater in central Shanxi
Province[J]. Geology in China, 2010, 37(3): 809— 815(in Chinese
with English abstract).

[18] 7, sk BN, P A, 45, T-Ab 4 BR B b X KA A
LR SR 23 A (9], el B2, 2009, 13(10): 89-92.
Wang Ling, Zhang Guoyin, Sun Shiyou, et al. Analysis on the
current situation of nitrate—n concentration in groundwater and its
causes in Bohai Rim of Hebei Province[J]. Journal of Hebei
Agricultural Sciences, 2009, 13(10): 89— 92 (in Chinese with
English abstract).

[19] G, SRR ED, P A, 25, Il AL MR 7K A R £k 75 Gt S AR

L B 23 7 SRR [T]. Al AEEREF 254, 2013, (5): 48—52.

Ru Shuhua, Zhang Guoyin, Sun Shiyou, et al. Status of the

contamination and spatial— temporal variations of nitrate in

groundwater of Hebei Province, China[J]. Journal of Agro—

Environment Science, 2013, (5): 48—52 (in Chinese with English

abstract).

TRAEEL, XU, 20T, A5, 28 5 8 i s T OKFREE B AN 5

SIMTI. K EFEIFSE, 2007, 14(2): 330-332.

Xu Chunxia, Liu Shuqing, An Hongyu, et al. The analysis and

[20

=

assessment of groundwater quality of Qinhuangdao[J]. Research
of Soil and Water Conservation, 2007, 14(2): 330— 332 (in
Chinese with English abstract).

(217 AU, 28 5 8 i Al AT U5 YL AR ARG AT (], v [ BRI 4 B 1
FBEFAR, 2013, (5): 43-45, 62.
Dai Wei. Characteristic analysis on agricultural non—point source
pollution emission in Qinhuangdao City[J]. Journal of
Environmental Management College of China, 2013, (5): 43—45,
62 (in Chinese with English abstract).

[22] 26 5, 3 AR, NI SCHL, 45, 3R MR K BT S E I LR
IR[I]. K SCHb T T A= HIT, 2010, 37(2): 95-98.

Guo Gaoxuan, Xin Baodong, Liu Wenchen, et al. Review on the

http://geochina.cgs.gov.cn H1E LT, 2016, 43(2)



682 h |

b J 20164F

study of the environment background values of groundwater in
China[J]. Hydrogeology and Engineering Geology, 2010, 37(2):
95-98 (in Chinese with English abstract).

[23] 5 SO, R, BT, A5 PRI R K HE SHE R E J7 ik MO

A5 BALK LA R[], 2 BORAE R, 2013, 41(8): 3603—
3605.
KouWenjie, Xie Zhenghua, Zhao Lixin, et al. On several methods
for determining the groundwater background value and some
easily neglected problems[J]. Journal of Anhui Agricultural
Sciences, 2013, 41(8): 3603— 3605 (in Chinese with English
abstract).

[24] Edmunds W M, Shand P. Natural Groundwater Quality[M].
Oxford: Blackwell Publishing Ltd, 2008: 15-31..

[25] Huang Tianming, Pang Zhonghe, Yuan Lijuan. Nitrate in
groundwater and the unsaturated zone in (semi) arid northern
China: baseline and factors controlling its transport and fate[J].
Environmental Earth Sciences, 2013, 70(1): 145—156.

[26] Fuentes I, Casanova M, Seguel O, et al. Morphophysical
pedotransfer functions for groundwater pollution by nitrate
leaching in Central Chile[J]. Chilean Journal of Agricultural
Research, 2014, 74(3): 340—348.

[27] Wang L, Stuart M E, Bloomfield J P, et al. Prediction of the
arrival of peak nitrate concentrations at the water table at the
regional scale in Great Britain[J]. Hydrological Processes, 2012,
26(2): 226—239.

[28] Morgenstern U, Daughney C J. Groundwater age for
identification of baseline groundwater quality and impacts of
land—use intensification—The National Groundwater Monitoring
Programme of New Zealand[J]. Journal of Hydrology, 2012, 456—
457:79-93.

[29] J DaugRhney C, R Reeves R. Definition of hydrochemical facies
in the New Zealand National Groundwater Monitoring
Programme[J]. Journal of Hydrology, 2005, 44(2): 105—130.

[30] Guggenmos M R, Daughney C J, Jackson B M, et al. Regional—
scale identification of groundwater— surface water interaction
using hydrochemistry and multivariate statistical methods,
Wairarapa Valley, New Zealand[J]. Hydrology and Earth System
Sciences, 2011, 15(11): 3383—-3398.

[31] Daughney CJ, Raiber M, Moreau— Fournier M, et al. Use of

hierarchical cluster analysis to assess the representativeness of a

baseline groundwater quality monitoring network: comparison of
New Zealand’ s national and regional groundwater monitoring
programs[J]. Hydrogeology Journal, 2012, 20 (1): 185-200.

[32] #1554z, #F/KFRBEH SAEATTE A AE R LA RDEII]. #7F K,
1994, 16(2): 68—69.

He Xiuquan. The existing problems in the study of groundwater
environment background value[J]. Groundwater, 1994, 16(2): 68—
69 (in Chinese).

[33] Giiler C, Thyne G, McCray J, et al. Evaluation of graphical and
multivariate statistical methods for classification of water
chemistry data[J]. Hydrogeology Journal, 2002, 10(4): 455—474.

[34] Koh D C, Chae G T, Yoon Y Y, et al. Baseline geochemical
characteristics of groundwater in the mountainous area of Jeju
Island, South Korea: Implications for degree of mineralization
and nitrate contamination[J]. Journal of Hydrology, 2009, 376(1—
2): 81-93.

(35] st 26T Ward 5 A DA 1) R 2843 (], o (AT - 2R
5¥R55, 2010, (S1): 382-386.

Yang Zhiheng. Region spatial cluster algorithm based on ward
method[J]. China Population, Resources and Environment, 2010,
(S1): 382—386 (in Chinese with English abstract).

[36] Matschullat J, Ottenstein R, Reimann C. Geochemical
background—Can we calculate it?[J]. Environmental Geology,
2000, 39(9): 173—188.

[37] Helena B, Pardo R, Vega M, et al. Temporal evolution of ground

water composition in an alluvial aquifer(Pisuerga River, Spain) by

principal component analysis[J]. Water Res., 2000, 34(3): 807—

816.

AR, AR, PRERLD. T DR S IR ER M R KRR SR L

AR[CY HF i A A B2 0 2 A [ M e 22 =&

TR ARAR 2SR 2. 2005: 124-129.

li Guanghe, zhang xu, Xu Huiwei. The high sulfate groundwater

[38

[t

characteristics and management technology in coal mining
area[C]// The sixth world Chinese geological science symposium
and the academic conference of geological society of China in
2005 paper and abstract set. 2005: 124—129 (in Chinese).

[39] Lee L, Helsel D. Baseline models of trace elements in major
aquifers of the United States[J]. Applied Geochemistry, 2005, 20
(8): 1560—1570.

http://geochina.cgs.gov.cn H1E LT, 2016, 43(2)



