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Table 1 Nitrate nitrogen concentrations in groundwaters within the Miyun Reservoir Watershed
RS es & il
+ i 2 RAEI Bt e/ TR AR Frequency of NO; -N concentration (% )
Well Mean Min. Max.
Land type ~ ~ ~ ~
() (mgL-") (mgL-") (mglL-") <2.5 2.5~5.0 5.0~7.5 7.5~10.0 10.0~20.0 =20.0
mg L~ mg L~ mg L~ mg L~ mg L~ mg L~
KA Village 35 9.52 0.17 50. 00 11.43 37. 14 17. 14 5.71 20. 00 8.57
M Vegetable 13 9.55 2.92 36. 20 0 7.69 46. 15 23.08 15.38 7.69
M Crop 219 6.59 0 29. 00 9.13 34.70 27. 40 12.79 14. 61 1.37
H0E Fruit 14 6. 44 3.45 13. 40 0 28.57 50. 00 14.29 7. 14 0
Fith Woodland 10 2. 66 0.12 8.31 60. 00 30. 00 0 10. 00 0 0
HAth Others 14 4.32 0.27 9.88 28.57 35.71 21.43 14.29 0 0
it Total 305 6. 81 0 50. 00 11.15 33.44 26. 89 12. 46 13.77 2.30
115:’30'E lll6°0'E lll6°30'E 1 1l7°0'E 1 1|7°30'E
F41°30'N
41°30'N+
F41°0'N
=M R
41°0'N+ :
ﬂ%ﬁ
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A5 (el - 40°30'N
e <25
® 2550
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Fig 1 Distribution of sampling sites and groundwater NO; -N concentrations in the Miyun Reservoir Watershed
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T P H T K B R R AR S YL B Ol M . FE R AR
I 35 NAEI TR ok A A A & T
P 9.52 mg L™, B 437 WHO Tk A K4 & &
FE 10 mg LT RYBRE bR A7 7 A IF RO R KA
SRS AR, B bR R AR KA R
20% A7 3 I Hb R K ORE S AR O™
B, 7™ B AR 8 R B R KRR R 8. 57 %
A T KB S S R R bR R R R A R R
A A R S B b i o AN B X T K
0 25 80 P e 50 mg L' & B F A E
TRAK s 2 b 7 BB 8 TARIX) .
bR KB 28 A & 4 5 B2 B g S Bl kR T oK
it AR IS 5 A HLAE Can 3= 77 BB+ M 2 X P i
) Rk AR 2 HE i (i = 7 BN ) A R R

SEHL ML N K MRS R AR T AL B 0 fECR
LR 13 DI T oK b, RS A A Y
S N 9.55 mg L', 5 E R K JL T M
[l o A 2 A F 0 R KRS A & & bR, B bR
5 S b b KRR LB 15.38% 5/ 1 A
Y HL T K S A A Ao 3™ O bR, ™ O
ok SR M N KRB T, 69% o B m K PR
o KRS A T B AR 36.2 mg L7
MHMAEF TR R, TERI Y E, %
2 K PE it By 3 M T AR AR A, % S Hb (10a DL
b)) AR PSR R WY AR OC R T B O
B VR DR R AR R, DL SR B 3 A N B S
M, oAt b T B Sy 3 PR AR BT KRR R 1Y, 3K M
MM N ORISR S AR 3 NIFE I BT
SHL TR B R PRI SRS EKA
M ER R,

HWH (B ER KT A/NE BT5%) T K
PR R R V5 e R A S 5 — . FESRAE RN 219 SR
HFr Kb, KSR S =W F Y ES 6.59
mg L™, A 32 MR KSR & R,
AR 5O R KR B 14.61% 5 3 R
FH S i b R 7K 2 0% B 3™ B A, ™ EE A
AR MR KRR R 1.37% o FR LR K Y
A A R 3T B, ™ S AR
MBS = BTN, BV JERRZE (29 mg L) F SR04
(27.1mgL™"),

e el e N O e TR A SN A 2 L
RN, TERAESI R 14 AR 1 T ok ep, H
WA T RMFEEN 6.44 mg L', {UFH 1 AR
Bl - B R KA AS A R AR (HECA 1 B ™
B, AR R (5 AL el R KRR SR 7. 14 %

Ml (A3 45 B AR AT AR ) 10 A4S J 14 1l 7K i
ARG R B AR, P (B R0 5 = {43 7R 2. 66
mg L™ 1 8.31 mg L™', & & BUAY A5 & &% = A B
S, 3% Ul B AR M Y 3 T K BE AR B3 2 3 i R £ 1Y
5L,

2.2 FRKERBRKEM TKEEREDHIFME
2.2.1  ATA) i B b A Xf e (AL A5 AR
SE M SR B ) bR K E W I 0 A R AR S g
LU T 3 ™ R T O B A M R KRS A A
B ST B (E R AR R 4y 0 Ol 8.42 mg LT
21.77% , 1 (4 307 3 48 0 5 1 4 5.03 mg L' AN
6.56% . IR AR H MR KR AR S RS
WY EEARM R (CE B RN 3.23% ), 1
VAT B ) A B L AR 2) o A I
A B Y R KRS A RS & AT BT AR A L
BN 1B B Bk b L ] | K B b B ) L AR T e
FAEMEEERN T KRKM(E3), XTHF
KR A RS 5 AL i AR MR K K 7 %
RWEAEF TR

IR I 3, W T O i b DX 22 3R R T
i A MR KO AR A S R R ARARAY, R
E/NF 5 mg LT 03I V8BRS 3 /N 3L 9 5
NI A T ML K A S R AR
HPHENF (8% F)5.25 mg L7, RKHMT
KRS AS A A A M B 10 mg L1 B0 /N 3 38
A5 ) 19 A5 K K F 10 mg LAY /N
AR A ARG s K AL T
T o

N ERCIN R AEARCING = o Il ST VN B 1K 3
FH b T KA A A S s 2R, P E /DT 5 mg
RS RS I - RTINS = S (TN L1 = S RS N
WIE AR A . W T AR H AT K& &2
F AR A 6.09 mg L™ AT H i
KA RS R T 10 mg L™ b 50 H T A 77 1%
P/ ST SR TN Iy S s N N =
KA EE
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Table 2 NO, -N concentrations of groundwater in farmlands in different basins

— e M R/ME SN fERES FEEHAR R
e Well Mean Min, Max. 10 mg L™ <NO; - N >20.0 mg 1"
Basin
(™) (mgL™") (mgL™') (mgL™") <20 mg L' (%) (%)
9] T3 _F % Upstream of Chaohe River 14 4. 41 2.61 6.96
22K AT Andamu River 8 4.90 3.45 7.01
W5 3% )1l Hatang stream 4 5.15 2.93 8.05
5 8K 5 78 Humaying stream 8 5.18 2.51 8. 11
/]\fl‘l?‘]’ﬂj Xiaobazi stream 7 5.25 3.99 6.34
2% )1 Lanying stream 10 6.91 2.37 11. 60 10. 00
JE A4 78 Hushiha stream 5 7.09 4.37 9.29
WK Qingshuihe River 7 9. 68 2.34 24.40 14.29 14.29
J b 11174 Huodoushan stream 6 9.94 8. 10 12. 10 33.33
W3R % Downstream of Chaohe River 33 10. 50 2.92 36.20 36. 36 3.03
JKJE 4t Northern Miyun Reservoir 13 12.26 0.57 29.00 38.46 15.38
At % JE ¥ Fujiadian stream 3 12.83 8.77 17.20 66. 67
4247 Anchungou stream 4 14. 30 10. 00 17. 60 100. 00
19 i 8, Chaohe River 124 8.42 0.57 36.6 21.77 3.23
#1397 Honghe stream 19 4.33 0 7.13
& )I| Maying stream 9 4.48 3.48 5.64
My Heihe River 34 4.82 2.25 10. 90 2.94
F[ -Bi ¥5 ] Tianhe - Liulihe stream 10 5.04 0.61 13. 60 10. 00
A% -FE 74 Shangpu-Yangtian stream 9 5.08 3. 66 7.43
%1 Tanghe River 17 5.42 0.01 14. 00 17. 65
[ 5 31 Baimaguanhe River 6 5.82 2.92 10. 00 16. 67
H ] F i U5 B2 Mainstem of Baihe River 16 6.09 0.16 13.40 12.5
977 Baihe River 122 5.03 0 14. 00 6. 56
1) 4% H AL HE AR 2L AR B8l Farmlands including lands for grain crop, vegetable and fruits.
x®3 AAFEARBAALE
Table 3 Comparison between Chaohe River and Baihe River basins
N =R Bl b L A1) AN Uit P = LR KK AL
i . . 7K D& L/ Ak b L . o
Population density Cropland Fertilizer-N application Groundwater table
Basin Trrigation land /Cropland (% )
(4 km~?) (%) (kg hm™2) (m)
iy Chaohe River 77. 4 5.62 50. 47 221.6 4.3
[13% Baihe River 47.2 4.56 37.13 202.8 4.7
% 7 25 R - 3 - = -1
2.2.2 B¥FS R H 2 K PR i e A TS5 mg LT fCHEDHINET 10 mg L7
Hb T K R A R AT RRAE A AT e v (R 2.2.3 EERE TE 5 2 K PR R, T v R Ak

2) o DA R A H R ], 3= 3 Bk DA AL X I8
TSR T RE— BT 5 mg L7, F U X 80
715 mg L7 B F I 10 mg L1, Hop 32 7 00 g S
KA A T R RiA 22.8T mg L'
T‘(ﬂ%ﬂ%‘{ﬂ(ﬂ‘(ﬁﬁiﬁ)?’&”ﬂﬂﬂ,L?ﬁ?ﬂﬂ?
KA RTRE—MMET 2.5 mg L7, FilF— A&

FH b 7K 178 A 785 2R 7 o A 2 30T Tl 1 b R AIG (3R
4) o TR R R T K 5K A U K T Bk
2 REFRAZ T K 1 4D 4, J0 02 78 B2 30 T 38 Ab , T 7K
FHL T KB B A EIR A o BT R AR H Y b
T KR A R i b BRI B T K e DT 5 AR S Tl
TH A AR FH M KRR A R AT



146 SO SR 48 %
25
i #37] Chaohe River “F i Downstream
o0 >
g 20
=
2
g 15
8
2
8
|Z 10
S
i 5
<o
=
o0
= RN EMENLEZR Y S PRLEKEEIEI O E @ E
N EERLHURKERFAETEREIBEFFIELTDRERZE
R E E X ' RS = i B E KRR KR =
Hh 5 Site
25 1
i 9l Heihe River %1 Tanghe River
on
g 20
s “F i Downstream “F i Downstream
"E > >
%' 15 r
2
8
|Z 10
o}
Z
o5 -
<o
=
;K:‘] 0 1 1 1 1 . 1 1
W iE WY KES ErNEREEN I HRE
o OO F " Reziuozgen £ KZTEEK
B2 K £ o E RO K XRPYPREERH ® ¥ %
Hi A Site Hi1 55 Site
TE: NO,-N &8 K R 5 iEHI{E NO,—N concentrations are the averages of the same sites
(IR SR e A S BT D At B N N O 1 PP = ol ol s U R
Fig. 2 Changes in NO, -N concentration of groundwaters in farmlands along the major rivers
Fd4 FEXRAMTAESERSESETNEESNXAR
Table 4 NO; -N concentrations of groundwaters in corn fields versus distance from the rivers
11 L 3 B GRS AR i1 L 3 B A 5
o Distance from stream NO; -N o Distance from stream NO; -N
Site Site
(m) (mg L") (m) (mg L")
464 5.44 572 7.18
A 371 4.67 Rkl 468 4.12
Xifenzhai 226 3.53 Qidache 384 5.73
50 3.37 50 2.88
315 5.72 dtfa) 7 384 7.2
s T 122 5.26 Beidianzi 310 9.15
Ciyingzi 40 4.9 115 6. 84
10 4.48
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2.3 B TAESENEERR 2.3.1  HF KKAL ZK R SR T M T

SR B 23 7 I S T K A i A R R T
KMz, AR DR FERME.E

B, R ITE A B S 3t R K KA A AR IE b A AR
SCE BV T 2K KA R4 IR i B & 6 A R
IR A ’ﬁé‘%ﬁ’]wﬂl’ﬁ]o

30 .

. y=-2.239 2Ln (x) + 9.697 4
R=0.1301 #=198 p<0.01

25 [ .

33
(=]
T

NO,™N concentration (mg L ™)
WEEAR
O

0 2 4 6 8 10 12 14 16 18 20
1 F 7KL Groundwater table (m )

F3  FoRHEH T KSR EE SRR
Fig. 3 NO, -N concentrations versus groundwater table in

corn fields

KK AE S F 0.5 ~20m Z (8], F ¥ b T KK ALKy
4.5m, 0] WL = K JE L R OK B Eh i vk . R
EARREEM T KSR STHER TR E, M
K H R K A A S R R UK K 2 A
5%, BB 25 1R K KA 9 R BT R AR (B 3) o 4 b
TARLLNF Tm B, EOK B R KRS S & & = A
P TS TE fE

2.3.2 fLlEiEHE AR R S KRR
AN 1/3 (AR it JBERE , b 30 s DXt P bR e 32
Tl X H D . BEIE 2 F T SR AR A, R Y
AP A, J& TR F1 v 45 K 7, IR R it
FAUARRE R = o 8 2 /K e i 384 ) A it it 3
SR B . FORAIE N EEAEY T R A it
JiHE Ry 214.3 kg hm ™, Ho v K B8 b K (19 4 - 2 1k
I SR e FH b 275.0 kg hm ™7, S5 18 14 it P 3k £
652.5 kg hm >, B3E (1 4F 2 78) 1940 A 4 1 it i 4
B 55 19, 4F P 357 A0 A0 80 e P 679. 1 kg hm 2,
B {H A F) 1015 kg hm ~* (£ 5)

x5 BRAKERBAEREVHERE
Table 5 Fertilizer nitrogen applications for different crops in the Miyun Reservoir Watershed
7] TR FEA KL -4 {H Mean fe/ME Min. KM Max.
Crops Land type Sample (4~) (kg hm %) (kg hm~%) (kg hm %)
F >k Corn THE T M Irrigation 222 275.0 154.2 652.5
F 2k Corn S 4 Dryland 189 142.7 20.3 219.8
E K Corn HEWE + 53 Total 411 214.3 20.3 652.5
A F Millet 4t Dryland 73 84.2 0 276.0
LA B Polato E b Dryland 16 33.1 13. 8 109. 5
K & Soybean 4l Dryland 3 37.8 27.0 43.1
3% Vegetable HE W Lrrigation 4 679. 1 345.0 1015.0
20
y=0.023 1x + 1.366 2
=0.418 8 =48 p<0.01 ¢
= 15 r
-
on
E
=
s
g & 10
o x
£ 5T
)
Z
O 1 1 1 1 1 1 ]
0 50 100 150 200 250 300 350 400 450
4K B4 B4 )7 & Application of fertilizer nitrogen (kg hm™)
B4 EREHTRMMESRESESHEMHRMLR
Fig. 4 NO, -N concentrations in groundwater versus fertilizer nitrogen application in corn fields
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B K PR AR B R K AR K AR H
4 1 HE 280 AR PR 2 7 e 21 3 R K, AT A R A e
MR, &5l PR HE RS EI &, £
oK HH T KR A R AR IR SR it R 2
IEMRCHE 4) o 4 4F A I & /Y it &8 i 200
kg hm ™, K H R KR A A A B AR 0%
T & 5 o

3 shieiie

TE 25 2 7K PE B0 2 1 305 A 19 b T 7K K
B A A A A R BN 6.81 mg L7, AR
(10 mg L™" < NO; -N <20 mg L") #l /™ & # F5 %
(NO; -N=20 mg L") 2351k 13.77% #1 2. 30% , &
=L J7 #h X R & T AR . o R E A7 X
CEAEIE st WAL R AR DT R ML)
Ho KRS A S B A 11,9 mg L' bR
HN 34.1% 7 db 5 R A KPR (6 ~
20m) K FRS S S A E N 14,01 mg L' 8
B AN B AR 350 0l g 46.3 % F1 317 % %2
HFIK (TR 3 ~6 m) [l 25 A& & 2 091 2 (8 35 2
47.53 mg L7, ¥ b5 R ™ BB b R 50 &k
80.5 % 1 66.2 % ' 5 7 K JE W HE B AR 11 3
TR R &5 H A L AR AR &, U H
SN DA L Bz K i A R )
XA — Z= AR, AR DA ok &, 4 B A
FUM it A 214, 3 kg hm ™7, Hk 58 b R K 1 4R
SF- 474k A 4R it P Ol 275. 0 kg hm K T i I
- 5 i 7 4 2y 4R X B 336 ~ 652.3 kg hm 7 [ it
AE,

W 2 K D SR T LS M R R AR () R
IR S A AR ARG, U H 2 A AR FH
KA R ER AT P (E AT TR G TE . R LR K AR
R4 R 2R R AR T K, HE RS IR R 5 Je s 18 2>
A B B R {@ B, A R T KRS Rk F 2ok A
A 7 RE B 1Y i S AR T it T B A6 IE B BILAE A K
AR HET ., BE BE B SE AR S 3R E AL O AR R
— R R g Y AR R, R 2 b b R TR K Y
K S 2 A e R, PR TG B B 6 S el A RS =X 19 AT
SEVE N T — DR AR R K R U B
B AR FL T A S A & S A IS R i =
YIAR G o A b o b it FH A0 8 R0 (0 L2 W b )
T 2 7K P i A H R 2 R K A A A E 4R
HERBAEAAMEBERALR., B HSANIK

JZ R 7K G2 1% H AT AT, B A E B K
h B 2 KB R Y R SOk

T B A H Y bR KRS R R TS G LG TR
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NITRATE CONCENTRATION DISTRIBUTION IN GROUNDWATER
OF THE MIYUN RESERVOIR WATERSHED

Wang Qingsuo”  Sun Dongbao Hao Weiping Gu Ying Li Yuzhong Mei Xurong Zhang Yanging
(Institute of Environment and Sustainable Development in Agriculture, CAAS/ Key Laboratory of Dryland Agriculture, MOA, Beijing 100081, China)

Abstract Water samples were collected from 305 wells in the Miyun Reservoir Watershed during the period
from November to December, 2008, for analysis of nitrate nitrogen ( NO, -N) concentrations. It was found that
NO, -N concentrations of the samples averaged 6. 81 mg L ~'; samples from 13.77% of the wells exceeded 10 mg
L', the WHO limit for NO; -N in drinking water, and from 2. 3% of the wells did 20 mg L. ™", the criterion for se-
rious NO; -N pollution. Nitrate pollution was the most serious in groundwater under villages and vegetable fields.
NO; -N concentrations of the samples from 35 wells in villages and 13 wells in vegetable fields averaged 9. 52 mg
L' and 9.55 mg L', respectively, very close to the WHO limit for drinking water. About 20% of the wells in vil-
lage and 15.38% of the wells in vegetable fields were found to have NO; -N concentrations in groundwaters excee-
ding 10 mg L', but below 20 mg ™" and 8.57% and 7.69% exceeding 20 mg L.~'. Nitrate concentrations in
219 wells on croplands ( corn and soybean) were moderate, being 6. 59 mg L. ™' on average. About 14.61% of the
wells on cropland were found to have NO, -N concentrations in goundwaters exceeding 10 mg L ™" and 1.37% ex-
ceeding 20 mg L™'. NO, -N concentrations in the 10 wells on woodlands were the lowest with an average being
2.66 mg L' and none of them were beyond the WHO limit. Nitrate pollution of groundwater was more severe in the
Chaohe River Basin than in the Baihe River Basin. Average NO, -N concentration in the groundwater from farm-
lands in the Chaohe River Basin reached 8. 42 mg L™, higher than that (5.03 mg L") in the Baihe River Basin.
NO, -N concentrations in 21.77% of the 124 wells on farmlands in the Chaohe River Basin exceeded 10 mg L~
while only 6. 56% of the 122 wells in Baihe River Basin did, and 3. 23% of the 124 wells on farmlands in the Cha-
ohe River Basin exceeded 20 mg L' while none in the Baihe River Basin did. NO, -N concentration of groundwa-
ter in farmlands alongside the rivers increased from upstream to downstream, and It lowers in the corn fields near
the rivers, and is negatively related with groundwater table and positively with application rate of chemical fertilizer
nitrogen. When the groundwater table gets less than 7 m or the application rate of chemical fertilizer nitrogen in the
current year exceeds 200 kg hm | a potential risk exists of NO, -N concentration exceeding the WHO limit in the
groundwater .

Key words Nitrate; Groundwater; Miyun Reservoir Watershed



