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Abstract: People in many regions worldwide are entirely dependent on groundwater resources for their water supply. More
than 1. 5 billion people rely mainly on groundwater for drinking water. In China, groundwater is a necessary and
irreplaceable resource, which is important for quality of life as well as for economic and social development. In some cities
and rural areas, groundwater is often the only source of drinking water, especially in north China such as Shandong
Province.

Contamination by various pollutants might render groundwater unsuitable for consumption and therefore have negative
consequences for human and animal life as well as the whole environment. Nitrate is the most frequent pollutant introduced
into groundwater systems, and high nitrate levels exceeding 50 mg/L can damage human health. Nitrate pollution usually
originates from non-point sources, such as intensive agriculture areas and unsewered sanitation in densely populated

regions, or point sources such as irrigation of land by sewage effluent. To protect groundwater as a drinking water source

HEE&WH . FEE LTS (20082X07425-001 ) ; [ FHE L £ 18 (2011BAD32B03 ) 5 H1 96 904\ 25 MR RHIF B BT LA RL B AL 55 2% L 10 %% 45 150
H 5 JICA nJ 82l £ AR T H

Y F5 B #A:2010-12-31; 1T HH3:2011-06-20

# INAEZH Corresponding author. E-mail ; liyz@ ieda. org. cn

http ://www. ecologica. cn



6580 A E = 31 &

and provide a reference that can be used to improve the water environment, we investigated nitrate pollution in Weifang
Shandong province, which is famous as protected land where vegetables are produced in China.

We used a uniform sampling method to collect ground water in residential areas, grain and vegetable planting areas and
others areas in Weifang district, Shandong Province. The nitrate content of the water was analyzed and the source
identified. The results showed that the average NO;-N content of groundwater from 56 wells was 28. 1 mg/L, which
therefore belong to Class I1I according to national water quality standards ( GB/T 14848—93). The average NO;-N content
in drinking water was 23.3 mg/L, which exceeded the maximum permissible nitrate limit for drinking water of 50 mg/L
(11.3 mg/L nitrate-nitrogen ) recommended by the World Health Organization ( WHO). The maximum nitrate-nitrogen
content reached 150 mg/L.. Compared with the Chinese drinking water standard (10 mg/L) , the proportion exceeding the
standard value was up to 73.5% , and 50% of the drinking water exceeded 20 mg/L in drinking wells. There was variation
in the content of nitrate-nitrogen among different land uses including greenhouse vegetable planting areas, open-field
vegetable planting areas and wheat/maize planting areas. The average nitrate-nitrogen was 62.4 mg/L. It was highest in the
greenhouse vegetable planting fields, which was almost twice the average value in open-field vegetable planting areas, and
lowest in the wheat-corn cropping fields. However, the average for all of the land use types exceeded the maximum
permissible limit for drinking water recommended by the WHO. There was a highly significant correlation between NO; and
Ca™, and a significant correlation between NO; and Mg®*. This indicates that the nitrate source was associated with
excessive nitrogen fertilizer use in the fields. The Piper diagram obtained from the ions of the water also indicated that the
nitrate was associated with human activities, such as fertilizer application and sewage discharge. The 8N in nitrate was
analyzed, and the results showed that 41.5% of nitrate was from fertilizer, and 14. 6% from sewage, and the remainder
from fertilizer, sewage and livestock manure in the groundwater in Weifang district. The nitrate contamination of
groundwater in Weifang is a serious problem which has compromised the health of the local population. Therefore, it is very
urgent to decrease the contamination and particularly the excessive fertilizer inputs to improve the local water environment.

Our results suggest that there is a need to develop eco-friendly approaches for the protection of the water environment.
Key Words: groundwater; nitrate-nitrogen; contamination; 8" N; source tracing; Weifang
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Fig. 1 The map of sampling locations (In Weifang)
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R1 FRARKARTR LA AL TRHEERSE
Table 1 NO;-N content of groundwater under different farmlands and different wells
AT HE IEEOF RS AR IETES

I SN2 =]} T
A HUREA % Average of bR ERRK FRfE Distribution frequency of NO;-N content/%
Sample . } Max.
Type NO;-N content SD CV% <2 2—5 5—10 >10
number /(mg/L)
/(mg/L) /(mg/L) /(mg/L) /(mg/L) (>20 mg/L)
(é,(ﬁljjl—?k 26" 33.1 36.3 109.7 150.0 3.8 15.4 7.7 73.1(46.2)
Irrigating water
Tk 3
U\Fﬁ%k 34" 23.3 29.4 126.3 150.0 5.9 11.8 8.8 73.5(50)
Drinking water
2
% H—WJI%A\ 12 32.1 14.0 43.7 51.3 0.0 0.0 0.0 100.0(66.7)
Open field vegetables
T d
R 13 61.4 38.3 62.4 150.0 0.0 0.0 0.0 100.0(92.3)
Greenhouse vegetables
N !
b *ﬁ”ﬁ . 19 11.4 7.6 66.6 26.2 5.3 21.1 15.8 57.9(15.8)
Wheat-maize cropping
HAlh Others 12 14.7 15.3 104.0 55.1 8.3 25.0 16.7 50.0(33.3)
Bt
KRRl 56 28.1 29.0 103.0 150.0 3.6 14.3 8.9 73.2(48.2)
Total/average

# FTRA KT WK I SRR I P 46 5 P RO BB IS AR T 20 mg/ L BE A Y 20 A 35

2.1.2 AREHFAHTXXGHERATELR

BUARE b v ] s o b R P = 1 9, bR AR R B X S b R 5 A R g SRR X, %
TR SRR DX, /INZZ - FORFPA X, PRI K2 R A SRR 25 ) b X LA R 75 8 9 A X i R A 10 DX 46 DX IR 2
D ARG — 5 A 2, A3 HT X ey SR R KRS A (3R 1), A BRIt R S R R b B S K 1 el
P 5 3T R KA AS U A A, P R A U e e e 2 O g S Pl AR 7 2, =535 61,4 me/L,IFH
AV BE R, AR S R BN 62. 4% |, e/ IMESE: 39 mg/L, e RAEE 150 mg/L; HKJE B HBBE 58, H R /Kl A A
SR IR 32, 1 me/ L Hofth )y SO S R S B E T 14,7 me/L, S RAE SR X A TR S R & &=
55. 1 mg/L, Mi— AR F KIS RS EAE T 39.0 mg/L, BUF UK BIRE S HA S A& B2 26. 5 mg/
L, JE R AT 2 SRR 1 ) it AR i | 3 8 28R DU R X A AR T 5 7K MR 1 i R /KA A L& 5 /N2 - B KR
FE 72T o KRS A A & K, 0 11,4 me/L (BT T WHO PR KPS AS R RF & & 1.3 mg/L
FIHLAE 19 ANFES TP 11 ASHAR  BARREIE 57.9% BB R RIK 15. 8% , 1% 16 I 7E HE L s [X /N FZ - T K Fil
FEJ5 3R U K A7 AR A ) B Bl A RIS Y, X BB 25 R S5 A B BF s 45 Rl $ 2 — 80, (B R 1
ZR
2.2 HUFUKAEARIG kIR T

FENZIE BRI T, N KRS ORI 2 BB KRV, XA AR, — A A Hi T 7k P oK A il
iR h R EEORIE TR ARG 5 /K S5 EE ARIE  TalkEK KA EA S TR L R 5 KA, H
Writh 7K NO,-N 15 QIR i AR 2 | F 28 K B b i | BUERR E [ 3R U S5 i (R i Tl —
75 AR ME TR 14075 e SR DL T DA BEAR I HISURRAE , 45 5 TURP Al i 0 R 43T
2.2.1 WHERER S 5K RS T B R R S p

A B T OO0 T RS AN 7 B T A58 7 BER 7 IR AR B 7 & 7 IR AR B 7 A TR
BT, AT LB T 2 0GR TR A G R (6 2) o AAFR 2 T LA M 5 2 1 S5 i R Ak ok J8 A0 I 22 AH
KA RBUR 0. 687 s BE B 1 B RR AR 5+ S5 A IR R Tk BE I 8 AHOC  AHOC R B2 0. 272 110, 232 S+
PHESF BEES T B TR SRR B R ARG N SR T R T S A TR ARG X TR
204 iy e FR R il FF B e IR B | i R B 6 ol S 5 R Rl A 2200 ek it P A AR e, I L R AN BB #
R FE W, 1 i T ISR B Ay, S NOS SO3  Cl&57E L3 vh ak B 00 T X B B T4 K S
AR ZS 2 & A R U5 Y i T 7K 3 55 3 B - 22 ] S 35 AH AR W) & 1), DRI, ol AT 1 A Rk i A 5 RUIE
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Table 2 The analysis of correlation between different ions

Na* K* Ca** Mg>* cl- S0%- HCO3
NO;-N -0.72 0.06 0.687"" 0.272* 0.143 0.232 = -0.005
Na* 0.193 -0.049 0.669 ** 0.796 ** 0.714** -0.025
K* 0.189 0.090 0.313"° 0.102 0.188
Ca®* 0.318** 0.343** 0.432%* -0.38
Mg?* 0.740 ** 0.745** -0.004
Cl~ 0.705 " 0.04
0% -0.068

2.2.2 UK AR B AR

YR FA A2 K I A 43 B b i T —Fh B A 3BT 7 . IRFAEDE SR ZETE 2208 1945 2145
B BT IR A AKRE T A AN A R S R E A X E A BUR RS R A A L ROR . — BT R K AR B2
Sl B AR A3 2 AR 23 32 B AL AN R 2 ) A R RE R . 52 N R sl i /DN s A 2 I 2 Pl v 1 7
3% N RS K A B 22 R THT A5 1) A8 4k, BRLE , mT AR 8 i T 75 (4 2 ) 1 Bsf T A 28 AR A 3 AT, A
THERTTS Qe R Y R P T T S B T OR AR T A T LR IR B T AR AR
BT R A Y T U RIIRIAE (K 2) . NI 2 AT LA Y 2 80RE R 0 2 RIS T %) 7 1] 748
Ak, BRI AT AT 22500 KR 32 AR T sl s m A T e A0l DX, Ak 17 B85 2 2 it e (A 3 A A A &S
BB LA UL ) 5435 15 K AHERE , QL2 150 B BOHb R KRR i 228002 A i HE 5 48 1% 5 7K B S dse K

100%

Cl +NOs + S0

0%

100% gy, 0% 100%
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) 7 (e}
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Fig. 2 The piper plot of groundwater in Weifang
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FUERA WMRERGE WRMYN e § B .
SN I LRI R B R TR SS0f e e
BARIREME, RRMERLA B ARG E 22 o Sa s . .
FFE, 56 RSO 41 MRA R AR 10 mgL, 274 °
B 2.2 (0773 6 41 RERR ORISR RS o

0 20.00 40.00 60.00 80.00 100.00 120.00 140.00160.00

FRAR , A FH SR T 2R o3 BT AN -F2 e R 2R B ik — 2 NOs -N/(mg/L)
ST ERRE R S N B, i 1 8 N B He i 1 A 45 A
BT SOk TE , H R 7K NOS-N FISUN Z A f) & R WA 3,
R 7K H S R R A 8P N B Y [ 5 7E 4. 80%0—14. 66%0
Z 8] SEYIEN 7. 83%0 , FRUFEAR 25 02 2. 2%0, A8 57 ALK 28. 0% , A4S Al & B RIS N (A 3% 1A %

R LI E 45 58 A R IR A RS A R ILS N Y FEIR BN < B K -8%c—2%o0 , (b4 NEAL -7 . 4%—6. 8%,
K BIRMN 10%0—22%0 , T 15K N 8%0—15%0"*" 3 it — 2] LB N, 8°N M F 10%0—15%c 2 [H )8 T X &
FEIR AL IR V5 K IR AT Y%, 8°N A T 6. 8%0—8%o 2 18] & T [ /K Ab2FIERE K & Fe IR AT 15 K IR &
15,

D b DTS AE A S AU R F AR IR (R B A IS 8 5E) AT K KB IR (FEY
TERPLIERT) 55, HEDT X Hb T K 56 NFES PA 41 MRS Bl 10 mg/L, P 17 MHERSEN fH/h
F 6.8%0,8 PHERS N fHA T 10%0—15%0 2 8] ,6 DHFEFE SN 4 F 8%c—10%0 2 8], 10 LM S N H AT
6. 8%c—8%o 2 IF] 5 R X LA [F] AN A YR A PR ER 15 YL U5 19 8" N R AIE A LA B 5 (1) b F /K il R 68 N H, &5
AT X AR AE DA AR RN R T AR 45 Hh A0 4538 . ey X Sl R oK SR Eh A7 41. 5% >k A TALE,
14.6% K F THETET5K 19, 5% B R & B RAVERG 15 KRG 159,24, 4% ZAUIE K& FEIR A G T5 K51
RATEY, A USRI A HES i X R KRR 2ok A FALIE (kR 2 41.5% ), BTG5 KK &
FEPRA — Tk, H AT 15 K STk B K TR & 2SR 5k
3 iTig

MR KB FE AL T Al A 7 RN 2 e B AR TR AR K B EK IR, — B2 85 g 8 e N R aRE2e 4, B
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