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Distribution and Source Analy51s of Nitrate in Surface, Waters of Chlna 3
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Abstract:; The nitrate*pollution of surface water has dttr}lcted worldwide attention, and it is not optimistic in China. To 1dent1-fy‘“ the
dlStI‘l]’)uthn squrces ;zand transformation mechanisms!of nitrate in China’s surface watersy the nitrate data of 71 major rivers from 7
regions were sy%tematlcally collected. The spatial dl%tnbutlon of mtrate concentrations in surface watér was analyzed, and the main
nitrate pollutlon séurces were revealed based oft mtrogen and oxygen isotopes of nitrate. The results show that approximately 7. 83% of
rivers in Chlna exceeded the Chinese drinking water standard for nitrate (45 mg -L™"). The concentrations of nitrate in Mudanjiang,
Haihe R}ver and the estuary of Yangtze River was even more than 90 mg-L ™", which indicates a serious pollution phenomenon. The
isotopic compositions of surface water in China ranged from —23. 5%o to 26. 99%o for 8”°N-NO, and from - 12. 7%o to 83. 5% for 6"0-
NO,. The main sources of nitrate are domestic sewage in Northeast, Central, and East China, while those are inorganic fertilizers and
domestic sewage in Southwest and South China. The nitrate sources of surface water in Northwest and North China are complex, mainly
from domestic sewage, inorganic fertilizer, and nitration of soil organic matter. Through correlation analysis, it is found that the nitrate
concentrations of surface water have a positive relationship with population, wastewater discharge, agricultural nitrogen fertilizer
application, and GDP per capita in China. It is urgent to solve the problem of pollution and prevent the further pollution of China’s
surface waters. The new “10-Point Water Plan” issued by the Chinese government solved the previous problems, but it will take
decades to control and repair the polluted surface waters. In Northwest, North China, Southwest, and South China, not only the scale
of sewage treatment plants in cities and counties should be increased but also the use of agricultural fertilizers should be controlled and
managed by the government. Northeast, Central, and East China need to further control point source pollution and reduce the discharge
of industrial wastewater and domestic sewage into rivers.

Key words : nitrate; surface water; distribution; source; nitrogen and oxygen isotopes
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R ETE 2 14,35 mg - L7 TR AH:
?IEE&EA’Z*"F%E/ZU“%E?TF%, 1E 4.69 ~7.13

mg- L™ X —yE Y BRI R AR JETT R
VLA 2 Jim izﬁfﬂ]{ﬁﬁﬂmw 20 £2.65)
(2.13 £0.54) Fil(2.4 £0.95) mg-L" ‘,/\ﬁfz’k{Iﬂ(

NS %ﬁ%ﬁﬁijﬂ 1.29% ,/\/T\{T/thﬂ;ﬁéﬁﬁ“
FEAN T Ik A R ol e vk 8 S AR **TK@LI—J 7K

ﬁﬁfﬁﬁﬁﬂﬁfﬁﬁﬁimﬁﬂ%%)ﬁZJ‘”*"K?I it SN | “;_;
&2 Tﬂuuﬁﬁﬁ@ibﬁﬁﬂn{iﬁiﬁﬂfﬁ o]
Table 2 Nijrate, and nitrogen and oxygen isotope values in dlffere.nt watersheds dr -
- i ‘M:i?ﬁ _ NG /gL gy & 8N-NOS /e . B50-NO; /%0 ;kgﬁz
i e/ ME ,}arjtﬁ__f' {LJ@{E fe/ME rj:{ﬁ 42ﬂ3ﬁ 4/ vfﬁ RKRE CFEE %
. an 3.54 BISK 60784 4.30 870 /' 6.98 =400 360  0.98  0.00%
BMEL 522 16060 11406 0.90 9.60" f7 23 w=0.70 960 455+, 0.00°
ot 0.05) | /1487 ¥ dla 1.50 5.60 “ 3.51 -3.7 4.00 2.75 §00
: LK 478 7 478 478 | 9,60  9.60 9760  -6.00, -6.00 -6.00  0.00
“' p . 23] 11.50 #1150 4 10.50" 459720 3.20 320 -3.200 -3.20 -3.20  0.00
/ e e iy 0.16 #70.16 046 2.20 2.20 2.20 11.00  11.00 11. 00 0.00
< PR 1.81 105.80  29.07 6. 80 18. 50 10. 50 .00 6.70 3.88  25.00
5T 0. 80 0. 80 0. 80 7.30 7.30 7.30 -1.70 -1.70 -1.70 0.00
EITAG) 4.43 4.43 4.43 4.40 4.40 4.40 1.60 1.60 1.60 0.00
WAFEIT IR 2 L] 0. 85 2.11 1.48 6.20 7.90 7.05 0.20  0.30 0.25 0.00
LI 20.90  20.90  20.90 0.30 0.30 0.30 -2.10 -2.10 -2.10 0.00
v-alk) 17. 60 17. 60 17. 60 5. 40 5.40 5. 40 1.70 1.70 1.70 0.00
et 4.82 4.82 4.82 4.30 4.30 4.30 0.60  0.60 0. 60 0.00
BH& T 0.14 1.61 0. 88 4.70 4.70 4.70 -4.40 -4.40 -4.40 0.00
ERC) 0.34 0.95 0.65 1.30 11.70 6. 50 -2.00 -2.30 -2.15 0.00
1R TR 0.48 1.01 0.75 2.30 2.30 2.30 -1.20  2.10 0. 45 0.00
2 eel] 1.73 1.73 1.73 11.20 11.20 11.20 0.00  0.00 0. 00 0.00
By 4 T] 3.69 3.69 3.69 1.80 1.80 1.80 0.00 0.00 0.00 0.00
Vi2=30) 1.05 1.05 1.05 7.40 7.40 7.40 2.50  2.50 2.50 0.00
IR 7.07 7.07 7.07 8.50 8.50 8.50 3.10  3.10 3.10 0.00
AT 0.05 105.8 11.43 0. 30 18.50 6.27 -6.00 11.00 3.18 9.43
TSRO} 9.40  44.00  26.70 6.50  23.90 12.78 -5.30  19.00 7.88 0.00
TR 5.20  309.70  66.00 -23.50  23.90 5.03 -12.70  39.20 11.60  16.00
R ER 17 24~27. 361 i3 ] 2. 60 5.00 3.80 4. 80 6. 40 5. 60 0.50  3.50 2.00 0.00
dtiz 6.27  37.63 14. 69 3.00  26.99 18.82 -9.12  5.53 3.13 0.00
AR 2.60 309.70  22.96 -23.50  26.90 16.28  -12.70  39.20 5.05  10.14
BRI 10.27 12.22 11.25 7.69 8.27 7.98 1.06  2.54 1.80 0.00
T 10. 41 12. 84 11.63 6.21 7.45 6. 83 1.28 1.88 1.58 0.00
ST -] K 7.04 10. 41 7.94 7.12 8. 60 8.07 1.34  3.29 2.27 0.00
ML 4.87 6.73 5.80 8.43 11.97 10. 20 3.71 4.30 4.01 0.00
BT 6.11 6. 60 6.36 6.79 9.58 8.19 2.89  3.15 3.02 0. 00
ARIT. 7.13 7. 40 7.26 7.78 8.19 7.99 0.73  2.23 1.48 0.00
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g2
-~ — ANO{/mgP’l A A5”NN0;{%0 A A5WLN0;/%0 kR
RAOME BAE PHE RME BRE PHE RME RBRRE CFHRE /%
T 7.09 7.13 7. 11 6.30 7.86 7.08 1.67 3.21 2.44  0.00
HEIT 4.69 7.13 5.91 8.27 8.52 8.40 4.08 4.47 4.28  0.00
T ?EZL 5.45 5.49 5.47 6.95 7.69 7.32 1.67 2.16 .92 0.00
T 332 14.35 7.19 2.92 4.86 3.91 8.33 9.96 9.13 0. 00
LT 571 17.94 8.18  -0.19 7.92 5.00 / / / 0. 00
BB 332 17.94 7.58  -0.19 1197 6. 88 0.73 9.96 4.31 0. 00
R 2.08  36.21  16.41  -1.40  12.90 7.26  -3.38 470 -0.49  0.00
Y] 28.64  37.14  32.89 -1.30 4.50 1.60 -9.00 -3.30 -6.15 0. 00
HERE) 13.14  68.64  45.38 0.90 2370 10.71 -17.00 -2.50 -9.75  35.00
Cistt) 1432 24.30  19.31 7.50  10.90 9.20  -0.10 0.20 0.05  0.00
AP 2829310 g 24.61  24.61  24.61  10.30  10.30  10.30 0.70 0.70 0.70 0. 00
e 9.52  14.97  11.49 1.30 9.20 5.25 / / / 0. 00
B 6.78 9.61 7.81 2.90 1110 5.40 / / / 0. 00
T =] 25.29  59.25  48.70 / / / / / / 4.00
A 2.08  68.64 19.84 -1.40  23.70 7.26  -17.00 4.70  -0.96  14.10
EAUD] 3.17 3.17 3.17 7.90 7.90 7.90  -2.90 -2.90 -2.90 _.0.00
PG 3L ] 1.02 1.92 .47 -1.30 2.30 0.50 =3.9 3.40 025 0200
FRILI 3.71 5.16 4. 43 4.50 7.40  #5.95 | 2.50 2.90 zmﬂfam
AT 8184 81.84 8184 9.90 9.90 990 |-0.90 -0.90  ~0.90 100.00
T 1128 29.70 {.20.49 8.40 9.90 | 9.15 7450 8.30 7.90 470700
IR0} 329 19.65 _ 12.16 8.20 10.80 | 9.54 -4.20 7.00  A.85F 0,00/
AR 2 30 e 0.64 [ [6.94/ 4 379 190 1230 ) 12,107 =590 7.50  0.90; 0.0
ffﬁi:ji?ﬂ 15.81f [24.02| "20/5 . 8.30  10.80/ _ 9.50 4, 2.40 2.90 2760 | #0.00
~ A 169 120432 £00.84  9.00 1230 4 A1.40° | -2.104° 9.60 3.43 000
' B F s 16.37 féq{S%g"_réfls 10.40  20.10 ';”15.25 20.90  9.40 425 —0.00
g — [ P 417 T13.02/7 €sef 1170 13.90/ 1}2.80 L 440, 720 58 000
I £ 2.3 298 2043 1040 1040 o4 70 970 070 0.0
~ BT 0.64 /8184 | 114.11 ~1.30 2010 . 9.60 -5.70 9.70 435 450
g U Cevn 1.48 4700 1313 /12410 12,504 12.35 9.10. 10.80 9.93 0. 00
"y " g | T 3.95  L4.0144 398 910.90 1140 1115 7.50  11.20 9.35 0. 00
& KIT 259 515 4380  7.30 1290 10.10 270 11.20  7.00  0.00
. YT 5.49 5.49 5.49 9.70 9.70 9.70 9.20 9.20 9.20  0.00
: BT 5.87  31.62  15.45 301 11.10 7.07 0.94 8.89 4.09  0.00
=K R 3.14 4.75 3.95 8.90 9.10 9.00 4.70 6. 80 5.75 0. 00
KT 18333890 i 2.60 2.60 2,60  11.20  11.20  11.20 7.10 7.10 7.10  0.00
Bk 3.47 3.47 3.47 9.90 9.90 9.90 7.40 7.40 7.40  0.00
T 4.99 4.99 4.99 9.00 9.00 9.00 6.30 6.30 6.30  0.00
T B2 38 3.71 3.71 3.71 7.70 7.70 7.70 3.80 3.80 3.80  0.00
BUT. 2.54 2.80 2.67 9.50  10.00 9.75 3.60 4.00 3.80  0.00
L 1.60  20.19 1585 -1.31 9.90 7.00 5.60 7.60 6.60  0.00
KITAMEIT  37.20  155.90  89.49 1. 60 4.00 3. 14 / / / 75. 00
A 1.48 155.90  20.17 .60  12.90 8.40 0.94  11.20 6.27  16.33
T i 4 52 ] 0.70  39.71  10.16 / / / / / / 0. 00

1) “/7 FRBA HEIE

2.2 ZEMFKE AN R FFE

P2 FoRFRIE 7 KoMK M F KR R+ A 6"N-
NO, H18"0-NO, [Flfi 2 41 K. 6 °N-NO, F#AiE K 3 [l
M\ =23, 5%0~26.99%0( n =325, F-I4{E N 8. 09%¢ H
PIECH 7. 88%0) ,8"0-NO, FEAEAE T Fl AN - 12. 7%0
~83.5%0 (n =295, ¥ N 4.24%q 150 B H
2. 9%o).

AEALHBIX §VN-NO, 5 AF (1978 B A1 - (i A8 7
FHE X i HAB R - 23. 5%~ 26. 99%¢ -3 {E N

12. 57%0(n =48) . T FIPE R HLIX 6°N-NO, HFIE(E
()5 FEL AL, R AR AR AR S R 53 3R 3. 4%~ 12. 8% FH1
3. 01%o~ 12. 9%q V- 34J1E 53 5 9 8. 1%0 (n = 36) Fil
8.59%0(n =44). ZRdt i X §°N-NO, $#AF i [l
—6. 1%0~20. 1%q, F-FI{EH K 7. 36%0(n =83 ). PiIL .
TR FAERT M X 8N-NO, 7 F (B 5 M1 IF 543 A1 21
FITE R, FAE 2 R = 1. 3%0~ 23. T%a, —0. 19%0 ~
15%f1 2. 92%0~11. 97%¢, F-IAE 53N 6. 19%0(n =
34) . 6.51%0(n =45)F16.88%0(n =36).
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AL HLIX §"0-NO, $5#AF {5 AH 45 T HoAth Hly X AR
AR Rl K R A, HAEA = 5. 7%~ 83. 5%,
SEE N 6.93%0(n =83) . HC L HIIX |, H 60-
NO, H#AF{H L Bl K - 12. 7%0 ~ 39. 2%0, F- ¥ {H
3.19%0(n =48). Vi SRR FIAE g M IX 6"°0-NO, F¢
AEAEYE BRI AR AR HL B AR dE AL XA, R AEAE Y
Bl 2> 9 - 2.8%0~ 11.2%0, — 1.9%0 ~ 8.3%0 Fl
0. 73%0~ 9. 96%o, V- 4J{E 53 7l F 5. 46%0 (n =44 ) |
2.38%0(n =31)F14.31%0(n =36). FHILFNFE X
8"0-NO, FRAFE VT X 7 A X PR ik, 7 B
PEALFIAE X 8"0-NO, F¢AE 8 3 Bl e A L,
I3 HH = 9%0~ 10. 9% Fll — 2. T%o~ 7. 4%0 , F-HI{H K
1. 94%0(n =33) Fl 1. 85%c(n =36).
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Fig. 2 Nitrate nitrogen and oxygen isotope box maps

of surface water in different areas of China

Pl 3 SR WA [m] it B /LR R 2 R Y 8°N-NO;, il
8"0-NO, [H] i & 2 . 6°N-NO, (1A - 1. 4%0~
26.99%c (n = 257, V- M N 8. 66%0, 1 L K
8.27%0) ,8"0-NO; HI{E R - 9. 12%0~ 28.2%0 (n =
241 IR 3. 09%0, FAIECH 2. 5%0).
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i
of surface water in different watersheds in China
e

R 8 5N-NO, K5 FIF {8 19 76 FB1 17 24 {8 7
A b B T, 8°N-NO, 1 4% AF A 35 Bl A 3%0 ~
26.99%0 , F-YIME N 18. 16%0(n =25) . Bl AL
B 8 N-NO, FRAEAA 17 R R AR R0, FLARAE (8 i 1]
I3 = 1. 4%0~23. 7% — 1. 3%0~ 20. 1%0, “F-I1E
3R 7. T4%0(n =60) F119. 6%0(n =34 ). FRITHIK
YL 6°N-NO, ¢ AiF i i 15 [l AR 3T, 15 161 43 51 ok
2.92%0~11. 97%c 1 1. 6%0 % 12. 9%o , “F-IIME 23 5 Ky
6. 88%0(n =36) Fl 8. 4%0(n =50). 6°N-NO, “F¥J{H
FAR B SEANAE VTR, N 6. 17%0(n =52)  FHAF(EIE
FEl A 0. 3%o~ 18. 5%o.

KA 60-NO, ¢ AF (5L AP 34 {8k
0. 94%0~11. 2%0 , F-3HE A 6. 27%0(n =42) . BRIL.
FIL AR 6"0-NO, FRAF A oK VT AR, HARAE
T2 50N 0. 73%0~ 9. 96%0F1 — 5. T%o~ 28. 2%,
SEYE SR M 4. 31%0(n =36 ) Fll 4. 35%0(n =34).
AR 6"°0-NO, FEAEME M - 9. 12%0~ 5. 53%0, F-
PIE R 2. 78%0 (n = 25) . B AEVLHIH ] i 38k 8'°0-
NO, FHAE A [ RIS (B R 4230, I H LG H A 3
SRR AR, A4 A 0 L 23 5N — 6%0 ~ 11. 9%0 F1I

~9%o~T7. 83%0, “F- I 73 5 2 0. 76%0 (n =52) Fll
~0.51%0(n =60).



1600 7D 53

B 41 %

VPRI, A R A SRR 07 3R A L e D 3 1
ANTFEHIX AN R BO K GERRER A IR 2 Fh 2B I
AN B — 0 2 R UL

3 itig

3.1 M KA RERSs 1A b 5 0 P 2%

H K T R R R vk JE S B P 2
M), 95 b 3 72 A T Sk 0 14 i b | - e A 28
(975 b, N KPR 7o T R SRR B 4 A R 45 3
IR 1 T H2 e B 5 - ) 218 A S0 P A O
F T b AL LR W KT S RS, AT L
T R U M K K T R S
K PRI IR TR ek e i L 6 6, T A FELR A
b5 7K PR R e v B L AR DG O HLR e
F 2. FEL R0 T17 4 X i) 58 7K B S 1 0 1 B bk
VB 45 2212 A SO P2 7 A 0 o i o 1
VNN 3e RN R R N
GDP 3% 4 Fi Ayl 29 P26 R # T4 At 7 A 1 %
MKW TR R B . f

JNEEZ WS E PG SN ™

0T AR A B AT o BT WP K
T e AR K 4 A A
Rt fRUFHINE i — 253 [ 4 o) R 4 6hY ).

AT o HAE Al FIVR 926 i A BRI 5
P GRBRTE A5 A L 3 A b Bk ek 2 4

FOA % A FOK TR i e P W 2 A T
B, S L A K 4 (a) ], R
U ST SR Z X, 7K P PR b 5 1
VIR JE 725 . 25 1 K HE I PR, R ik v i
3% AL TH i , FE B K HERCHE 5 R TR kv
PUEARGCL [ 4(b) ] ERFSE KSR T kst b
VA I 1 i K HE R B e . e, 1 2548 A K i
EETA A P AR R, 882 020. 48 U7 t, 1 H:AiF
RS T e Y (2 M (19. 6 mg-L™") X ] fig
A M K R 1 S W P R A SR K 3
BRI C0 | Ye 5T U TRSTAL AR T 4R e X b
SRR IR H VB v 14 75 7K HE R BT k% R 19% 2
17, GG RARRE A LT g BESR B AT
N EN RS PNEL S A ED N G Ey & I8
T P R, SO AR 4 it
b 3 KR R e e (L £ AR K VT 1
A E] 152.9 me L~ JREAE FAE G KRR
VUYWL KA VT 8] 1132 51308 1 11 5
], S BOK R & A R GRS AR, RS R R £,
A B T 0 B 1 SR K Y IR R e e
FiE b s 1 IR D AR SE o, BTG4 B AR HE R A

1%, (948 AR R BRI v B fR e [ P 4(b) ], L
TR T B A7 ik K AR HE T HE R 42 | A L
TR P AL AN TG BRI F K dk 1T

A8 3 A RN AT 4l k5 K R 6
I kol 3 S BR324 PR U0 s 4 4
LIRS , H 42K R R AR R BV I AR 7E 0 ~ 40
mg- L~ X — - FEh [ 4(c) ). Sk, R A
IS PR it 5 /N A 3028 4 s LTI, L
IR A P VAR . A S5 9 A PRt P 97 4
O 3.8 0, T A R R U vk B A 66 mge L7,
TR FL AR 1075 YA I3 A Ml T 5 . Peters
TR Li S BTG R AL SORIX K R
F A Iy ST 5 A HE R, L 2 4R R £ 3 1
1R 2RI TR b SO X MK T 2 A 8N-
NO, 1 8"0-NO, [FFEE 4354 — 15. 7%0~23. 9%0
Fl = 5. 3%0~ 39. 2%, FF:H) 5°N-NO, FiIl 890.NO, 1)
HEE AN 1 +28. 5%0~32%0Fil - 12. 7%~ 25. 2%,
i 4 K R K B LA G e e
AT LT PV TR PR A0t FTT 7 4 1007~
200 J7 v 24 453 ) FL IR b R vk A 20, ~ 40
mg~ L™ 22 60 /008 % o R e i 44 it 25 A L
54 22T i L T IR — i TS PR 1T
BB S5 A AR 2 R 2 o A R D 4 T
8 2 PG il 16, P 7 M X 4545 (3 b /K SR 26 32
AR TEHUALIE , 1B AR FH SN £ 0 P DA
S P H X M R R ) S B U

BAE G NE GDP 5 b Fe K R £ IR kvl 1
SR LM R B AR GDP R,
R P B 2 TL s [ 1 4 (d) ], 285 R R 3K
b D128 5% 2 s i DX PRI 727 0 45 W AR ) 8 75 2
SR A SR, PHAL O 7 g X AR X L
SR R R R TR IR
NF AN B K | 36 LTS A DA K T AL
AR ). AL MK AR X RIAE R M X LA = 7
Ml Ay T g e Ay LA R R U
AR5 KRB S AV 55K (B S).

L5 1, DL 43 B 1 2 AR 1 R v
S HIHIX AT B A AU A
1) GDP (RN , 3 4 /P % 5 AR £ ik e i 5t
BIE A, WV £ ik ik B A2 M XA 1 K
HCE A PN 68 4 A1 A3 GDP 38 Jin i 34 Jon. P
e, ZEBF S L b 32K 2R RN B AR TR , I35 85
2 A L DX S i DAL 30T Ml K i 15 e
TR, B2 AR 0 45 DX T R 75 2 ke R 5
(TR TR X 45 LI 348 1o 5 G 3 43 B o
HEHIEA.



41 SRR i FRIK AR ER 43 A1 SR IR BT 1601
80 | " SH @ 80 | = SH (b)
Bl BJ
. 60 | i 2 60 r =0.593
T%J 40 - B L] // Iq% 40 ) SX-
% . » L] - % ¥ .. L]
20 '/.ﬁ .., 20 -l =GD
= = '/'( Ll Hoflay i ] -/'l/-./. oAt 4y
0 I'/r o | 't’.
(') 2 0.00 4 060 6 fIIU'D 8 OIDO 10 (I)Oﬂ 12 600 14 000 0 ZUOII'}OI] 400600 600 .GCIO SOGI 000 100 000
L iINE=IDPN PEARHE R Tt
80} =gy © 80 f « @
B BJ
60 60 +
¥; ¥ r=0617
£ awf = r=0329 | E 40| . o
20 | . w /_ < 20 |
ey St oL L
o} + " 0t -
EJ 5.0 |(:P(] lf:ﬂ 2(;0 250 20 000 40 IUOU 60 [I]'OU 80 bl][} 100 .{]GD 120 IOOO 140 000
ﬂ?ﬂﬁﬂﬂﬁ&ﬁiﬁ%ﬂfﬁl )\:EJ(JDFIJE
oy, ﬁﬂ+07&ﬁkﬁ‘MAEEHFM%%Wﬁﬁ%zhﬁﬁﬂm5~+07ZEW'W*"%¢FM% # |
: A 0.3 - 0.5 2z A S ﬁﬁT+0w¢ﬁ%ﬁ¢£%z@%%¢ﬁfﬁ%%? g~
== | I SH 3R 1 %%Tib,'? SX FIRBEIG ;6D RS AR | r
s %éﬁﬁ“é@é*“ﬁﬁ.&?"imiklilvié*ﬁ?ﬁi; RGBT 4 BRI GDP 4014 ' #
Fig. C 4 Linear fitting of mtratf‘ (onlentH W.Ah. resident population , wastewafer dlscharge agricultural nitrogen ‘“:;'-J
2 . ﬁertlhzef apph( atlon and GDP per capita in each provm'(-’e
i Y1l s i ‘ A _.r--":;,i .
10 | AKHERR M T AR B i B R | M\ A W
1k {
. : Sl | KESRRERITRLREEMEAL | R 6L
- 1Eth 4 - 1 Ja— NN K [y
_______________________________________ : .%EB SEARTE DA A PR T R 72 5 0 L2 4
51 o AR X . NN W3 =%
w! o KU i | EIT SRAAROE RS L. S FACOK PR
§ . S FEAA G R E R 4 SRS A AR FH O R, mT
g ' DABIFSE A IR #h USRI 2R A0 R AR (DA T 12 K
= | AR5 YA, T 45 X M K K4
T A RUK 2 S A AEAR BT TS 6 > T2 22
0f . 43 : Dt Sl R R R R 6 2R AR (B R 70 P AE 3 L
; e oA T TR A 2 I K P
=20 1 1 1 L
-30 -20 -10 0 10 20 30 FAAETL T TA] B VL0 3 3R /K /U R 67 R R
SV5N-NO3/%0

B 5 AEHERKEEEN 6 °N-NO, 1
8'%0-NO, WHHEES
Fig. 5 Distribution of characteristic values of nitrate §""N-NO,

and 5180—N03 in surface waters of different areas

A T AE Sl it 2 7K i R A U5 e AR AT L
WK RHIRER R IR ZHE P AR S—R IR, AR
PSR AT | A HLBUS 1L , AR ok I 45 A
{5 KN FEAE TOHLAAE. A R I 2k il
PRER A 2R R, SR A9 N 18 AR AE (T & K

3.2

TEAE =225 A AE A ML AL A 16 5 7K DA
B — Y (& 6) . AN BT Sk Fe /K A R R
RAAEN ZF A 35% M REASTE 324 L
HITERIN , 30% MIAEARTE N & 2608 LA 1h 15K
A LT LA S B IE N, A 9% IREAR TE N
AR TR VS K PN, 2 B U SR A TR ks e
1) = RN A ML RS AL, IR IR S TE LA
HE N 20 RN AR 35 75 7K. Yue 25120 BRI ST & R
FAAE VT 388 907 s PR 3 5 Bk W = 33 A L il
b ARFETT ISR T WA R R 32 ZOR IR T AL AR



1602 57

i

B 41 %

KA i o LTI
' o Hemiii
® HiTHin
o Sl
o LM
o KiLiisk

3'50-NO3/%e
L 4 (=)
o w [=1
T T T

wn

&E@fﬁﬁm

I:I:lﬁ‘ﬁl $JU§ wfk
1

-20 -10 0 10 20 30 40

S1N-NO3/%0

I
wLh
T

1 1

E6 ARREFEFRAKHEER 6'°N-NO,
6"0-NO; HHHEES 75
Fig. 6 Distribution of characteristic values of nitrate §'""N-NO,

and 3]80—1\103 in surface waters of different watersheds

AT T5 K R EER IR Ry = A ALY Ak, TRt 7K
W R R R S R IR T AL fe R A
4@Wk&w&mﬁimmﬂm&ﬁﬁ AR, T
ﬂ@%iﬁkgwm X 5 0] i 32 ﬂaﬁaﬁ@%
W%ﬁﬁkﬁ%

@ﬂmﬁm&ﬂ” Hu?@%$fkmnﬁ
wiammﬁﬂﬁﬂﬁwuﬁiﬁ&¢ﬁmﬁﬂﬁ
Agayry%»ij<94.¢3) mg-L A5 2.+ 0.8)
mL'ﬁNM)ﬂ&%M)m%ﬂﬁ%ﬂﬁ
0. 5%0 & 0. 5%0. 5.5%0 + 1.9%q Fl 0. 1%0 + 0. 4%o .
1. 2%0 = 0. 3%0" ™ 4 W ] I RIp VT 1 Y i i &k 3= 2
SRR T RN TEHLALRE AT AN -3 HLT A L,
7 HR A R TR B Ul - A DL R AL LB 3%
ELA R A& 15K, 3% 5 Liu 2510 (4 BF 58 45 S A —
R A R S R £ 8°N-NO, F1 §""0-NO,
(RERAE A 43 500 8% F1 5. 8% | %A1 5 1 V£ AL
Tl (07 ZE A AL A 42 30T, 56 A V4] TS 9t S s R 9 3
1 BT AR

PRI 0 i R 2k U4 A2 3R (E P 20% R
ARBE TR - HEA BT RS AR B b SRR A G 4
e N B 20 A 35 75 K G T S T L P BR YT R
U R AR b XA R R T VR R R RN 14,35
mg- L' AT TR 534 7, 55—l o R bk
e, A 35 T KRR A AR FH B e, 3 T BE
SRR L X b 3 K i I TR 2 R T A 1 1Y R
PR REMAR X8 T T &8 X, =22 A SR B b Rl

Tk R 3, 2 X T KRS R R R TR A K
B AT SRR K, WA R A 1 JCHLAR AR A+ 2
A LT RS TR A BT A 1T 5 Al R h 5 i

WREA T R, 7E 4. 69 ~7. 13 mg-L ™" Z[H] VLA
FEVTLAY RS R 5 6"N-NO, 1 §0-NO, HHEAE(E 7 [l
IR 3.91%0~ 9. 13%0F1 8. 4%0~ 4. 28%0" " | H. 7l
FiRkh 32 22O U5 T RE R 25 35 75 K A JEALAEAE. Chen
ZEDOTRN Ye AEUT B AT 4B R T ERYL AR IE K AR
[[rENE S e R L NE-E (S 37 PRy Al N
AR SE RGN A G 5 /K A B BT B i i Rk
BUE YR, AR K R R A (R ERT T
e KRS R AR I i VR AR I A H U AR B 42, &
B PUE TR K K 4 & A i B b S i Ak B4,
IR I B W LA R 55 1) S i A B X R R 3 =
F B RN FAR A A 07

6 g BT | 30 9R] AR I A R UL
ﬁ%%ﬁﬁ“ﬁ%ﬁ#ﬂﬂﬁﬂﬁﬁﬁ%ﬂu%
ﬁﬁﬂ%m#$%$fAmA@ﬂiﬁﬁ%&@
qjﬁm%%ﬁ$%¢fi%ﬁﬂﬁﬁ%$ 27%
R A S 1 A8 20 R A 375 15 R 1 A BT
wmwﬁmﬁnﬁﬁm%@£¢mgmﬁ%m&
R R ﬁ?ﬁ%ﬂﬁ$f¢ﬁﬁﬁ‘yﬁﬁi§*ﬁﬁ
FYNSEiFS XﬂﬁﬁﬁEMEEHK@%ﬁi%
i E’JdT:*MJ@HEﬁﬁﬂ%péﬁdZ%Tﬁﬁ/\{Tm%ﬂﬂ’ﬂ
K, FEUK %@ﬂﬁg@ﬁﬁwzéﬁkﬁ%
A b i ﬂﬁgﬂfﬂmﬁﬂm&ﬂym
NO, il 8'O-NO, K 4% fik {5 4 % K9 12. (%0 Fi
o 1290 HLR £ S BRI T A S Ak 3 75 K A
NFFEAE 1L AR AN R 58 A 3 — B B VAT 1 3 A
R IR E T 25.63 mg-L7', & T R HF(E.
Wang 55" AU FE 48 % AL T BERY R £ £ 2R BT
Ja 0 L DX A H ) e R I A /U, 3 A PL
(RS AR FR A A i 0, L3R A 335 35 7K R Tl PR
KA 2 T B0 T B A TR T R B v 1 SR R
— MR, HET AN R R T R IR N 2l
KA i 15 KR A A MU AL

L 90] g dal e Y Tl X Sk R K AR AZ F
BN A RN, K BT R, B T o e IX, B
Hu DXIREEAL | Tolk Ak Al Ak & J Tl , S B0m] i K
JF % BN 15 e R . HSE A 5 5 i
G392 b UL R vk ™ E W bR, ik B 81.84
mg-L~", H 8"N-NO, 11 §"0-NO, )45 AiF 18 43 51 Ry
9. 9%o 1 — 0. 9%o, =L 5t K 2 A= 6 175 7K B2 Fh HE K
BN AT IR 5907, 51 R 0T 3 A 1R 46 o7 vk 5 T
o 220 LR 3 ek %) K T RN T 8N-NO, At 6"0-
NO, R AE{E 5 Bl 2 5 R 8. 3%0 ~ 12.3%0 Fl
~2. 1%0~2. 5%0" ™ TR ER B 32 B AR 1T i M A 1
157K, Yue 2512 BUBFSEFE HY 710 i B A R SR
W i o 1) 3 — D BRI AT R Ay v vk B A T HE K



4 SREESE . TP R K R R A1 B HR IR B 1603

A 6 SR, IO 3 SR 2 A A
{ELAE 3 LT AR Ak AR TR SRR R A 1
P, T KGR 43 A A v 7 N B A8 R A 6 7 KX —
REEAEYE L, 6L 0] 30 A R £k 3 ZOR R N &
FEAE RN A 157K A
KT A i R 5 o 2 ok B A1, i A
1 R 8 o vk B v 3 EL = AR By, 4
AER R ER 0T vk BE YU I #E 50.3 ~155.9 mg-L™' 2
], % B Bk 4 DU 2 Gl R h I VR 4 0k
103.6 ~155.9, 103.3. 61.2 ~70.4 H150.3 ~67.9
mg- L~ W LA H A ZE 0 Bl R 56 o vk B I T A
ZET A 2 A TR o e e e vy, L (R T g
7 FAGH 25 RV A R0 47 4 R W T ik 7% b i A £
IR AR E AR 2 10 IR 25 AR Bl iy B A VT R R
Eh BRI T RE N AR I 15 K MRS DR, K VLR
Wb EIR S R R 8°N-NO, Al 8"°0-NO, F4HFAFE VT
FEI G334 7. 3%0~ 9. 8%l 2. 4%o~ 4. 2%0 ™" | T H S
PN NEFEMATEEK(EG6). RIS 2, Jﬁﬂ:{}m

hﬁﬁﬁ@&ihfﬁﬂéﬂ?jﬂifﬁ(57k%ﬂ]\§i’f@ U\%ﬂé

Wk E AT HUBCR AR S
_mt@ﬁﬁﬁﬁ??ﬁmﬁﬁ%W&Mkﬁ

5 TN -NO, BT (A 3 AT e

ﬁﬁ%ﬁﬂ%famﬁmwtemaﬁn@ﬁm

Wiz T A PR AR R R A A AT P 5 e ) R
, T EEf 3k ) & SN-NO {E%zz@ 2

ﬁgﬂzﬁﬂﬁ““
zﬁmk iﬁ%ﬁﬂﬁﬁﬂt%ﬂkm,ﬁL3 AR
(nuj)’i f({I(JILiﬂiﬂ] W 60- NO, FRE{E
jﬂ*ﬁ{l(o%w 10%0) ,3X 3 iR as R Eh F 2ok 5 A
BIE NG TR DR - LB AL ST s
8"0-NO; {H AR, FEAEMETEFEI A - 9%0~ 7. 5%0(n =
55) , FHIEHN - 0. 51%0, HASFRER 1) ok 5 2 A=
T 15 KRN 368 ML k. il R £6 20 SRR 7 3R AR AE
HR AR, TR E 6 /\Ig(nuiﬂiﬁﬁ@aﬁﬂéﬂﬁ
2R ZREN IS IR IR A IR S
Hh [ R K S R R T E’Jaﬁ%ﬂéﬁ@?ﬁiﬁ%ﬁi
15K HE, Tl 27K HER - HEA BT AL L
BRI . T2 (A A RS RR R 75 e e AR K
B bS5 AR T K IR HE AT e A OG, OF H Tk T
(A1 SR HE IO b 2 7K K 0T 7 AR 3 T A R .
SR AT AT A BURF AR R T Tl 8 7K HE e W A g g 44
KBTS B 2 AT AR A &8 43 Tl Aol i 47 R 7K
frHEL G D AR E Bl P X
TCHUARAE f) fift FH o 2 1l 2 K S R 46 7 e 1 3 20k
TR X AE VI X AR b X A A6 5 45 st R Bl AS:
T k2 B By B AT AR 25 A S 38
PSR SR FOF 357K 1 2. 8 A5 R0 3 451 i 7

T BT S B A DR R L™ T R R AR Ol
i DX K A R (1 S U — 54

(A5 TR B 102 | A R B 7 /K AT S v (9 5
X Hb K I R T Fa VAR 3 2 AU A 7 A S L AR e
TR E S A LA FH 0 20 A7 0 A0S 08 T o R VR B
el 5 CTT il R £ O R R AR YL SR, M KK
A A PR35, i 9 7K Y 7 R J v B 1
MR R M, M K K A A A 4 4
R SRR R R AR B —.
HUBR IR LA 0 A 42 5 39 i 6
T T v B YRR R A R b R AR K
i FVBUEVE AT R Kb B G A R R
R A B T 3t 2 0TI (K VT BRI K A
F R v 7 T s ) S R

SSPRTIT R ST PRIV I 15 K (9 R, 1A
B AN 9 K A X 4K TS e R
Ewmmﬁﬁm%w%TﬁyﬁMH%%&%Mn
WEW%ﬂmﬁrﬁwmmﬁmﬁm<u&m%w
mﬁ%ﬂi%h e B R ’y*ﬂ,w

4 2B | - 4 AV -3l N

(U@ﬁ%ﬁﬁ%ﬁ&ﬁﬁﬁ@%%%ﬁﬁﬁ
8C Fil 8" B I A 2GR 51 3 A TR A
SRS T LU SR AL 3% 55 QLB
T3 3 R AL AL 5 K 1K A R AR 10 T8 1
S5 VAR V5 A RS

<mﬁﬁaﬁm V.75 U 45 1, o
ST e AT AR T B, B 2 38 6l )
URHESR 2. 4% O DMV A 4R Ll P 1 P B
TG K HE BT

(3) %10 X S8 BE Y5 K Ak BT 38 15 BLAE
N T L XA 4K e 52 2 1035 A A B4 . 4
SR G A0 A5 K AL TR ST , R IL TS
AR — G b B 3 b B A B A
U, A2 R A A, 2 A 8 S5 R [ R4t
IR, ARG TRAL B IR, B 36 1L I
I R L 2 i .

(4) TR FOH PG 3 X 77K 75 34 1] 1
mmﬁ&mx%ﬁﬁﬁﬁﬁﬂcmﬁmm&am

e I BT 5 2 S

(5) BB 25 A 3 B 1 00 R 24 FF. 0
Tk BORFHLA R0 T 25 IS A , R 2 L
PREUSTPRCHR B T BERA B 15 4 005 e
AR RO 7T 5.

&it

(1) T [ A b 2 K i TR 56 o e 8 5 3 i 5



1604 57

5

Es 41 &

5 M DXl KR R R T RIS AR [H]. P AL At
At DX 3 K AR ER AR R 5 s, AR TG 757K JCHLAE
FIEFN S LA AR 5 B0X P 3 XA R ER o

e e i i ) EE RN AR e rp A

A6 iy X R bR R

B (A M X A 23 ™ E A A AR B 5 AR 3 R T
MR AR B HETOA B G 2. PG 1 FIAE e il DX 3l 37K

i e e b B A, JEHLARAE A 35 75

KA A3
BT F 2 336 A i DX b e 7K R 1R T KU

(2) FAFETL ] 0 BR VL I 3 i 2 7K 32 Bk YR

H A PSR AT TG K AR N7 268, B
SRR AR ER T2 ER IO N B FEE AL TR

T AL
5K DA

Ko ST AL 1L A VLI B 2 K i R

FEORYP N A TE 15 KN S

(3 ) 38 0o ] Ml 2 /K il 7R £ A RUAU R 3 2R

R T & SRR, DK R

WAEAND AKHEL

it P32l B A1 A2 GDP 5 3 3 7K i 1R 6 ot o Ik 3

I I IEAR DG, RV 25 X A4 PR HE T

N N

1 A2 ARG FTT 47 2 5 60 A GDP 934 K2 1 ik
TR v B Al S48 K B i‘éﬁﬁk*ifﬁi{ﬁ/\

PIICERTETiZE NP Gﬁ%ﬁrj“ “
L

[1 ] Briand C Sebllo M Louvat P, et al. Legdc_.y oT

ammam N

sources tq the NOjy signature in rivers:*a (ombm(-;d isotopic, (315

JN-NO; [ [8'80-NOT
- [J] Scientific Reports, 2017, 7. 41703 7 .‘“
[ 2%

/ [J] Nalure'J 1995, 377(6544) 4. i
[3]

8" B) and mlLrOblOlOglCdl mVXJbtlgdtlon

Mdpllwaln C. US repoit-raises fears over nltratc leve.lp in de.er'

=

Zha,ng Y, Shi P7Li F D, et al. Quantification of nitrate sources

and fates in rivers in an irrigated agricultural area using

environmental isotopes and a Bayesian isotope mixing model[ J].

Chemosphere, 2018, 208 493-501.

Bordeleau G, Savard M M, Martel R, et al. Determination of the

origin of groundwater nitrate at an air weapons range using the

dual isotope approach [ J].
2008, 98(34): 97-105.
[5]

Journal of Contaminant Hydrology,

Xue D M, de Baets B, van Cleemput O, et al. Use of a Bayesian

isotope mixing model to estimate proportional contributions of

multiple nitrate sources in surface water [ J].
Pollution, 2012, 161 . 4349.
[6]

Environmental

Carey R O, Migliaccio K W, Brown M T. Nutrient discharges to

Biscayne Bay, Florida; trends, loads, and a pollutant index[ J].

Science of the Total Environment, 2011, 409(3) : 530-539.

[ 7] Hord N G. Dietary nitrates, nitrites,

and cardiovascular disease

[J]. Current Atherosclerosis Reports, 2011, 13(6) ; 484-492.

[ 8 ] Edition F. Guidelines for drinking-water quality [ J]. WHO
Chronicle, 2011, 38(4) : 104-108.

[9] JiXL, Xie RT, Hao Y, et al. Quantitative identification of
nitrate pollution sources and uncertainty analysis based on dual
isotope approach in an agricultural watershed[ J]. Environmental
Pollution, 2017, 229 586-594.

[10] Lasagna M, De Luca D A, Franchino E. Nitrate contamination of

groundwater in the western Po Plain ( Italy):
groundwater and surface water interactions [ J |.

Earth Sciences, 2016, 75(3) : 240.

the effects of

Environmental

[11]

[12]

[13]

[14]

[15]

[16]

[18]

[19]

[20]

[21]

[24]

Yang Z, Chen J F, Li H L, et al. Sources of nitrate in
Xiangshan Bay ( China) ,

Estuarine, Coastal and Shelf Science, 2018, 207 .

as identified using nitrogen and oxygen
isotopes[ J ].
109-118.

Kendall C, Elliott E M, Wankel S D. Tracing anthropogenic

inputs of nitrogen to ecosystems[ A]. In: Michener R, Lajtha K

(Eds). Stable Isotopes in Ecology and Environmental Science
(2nd ed. ) [M]. Malden, MA. Blackwell Publishing, 2007.
375-449.

Elliott E M, Kendall C, Burns D A,
precipitation to distinguish NO_ sources,

et al. Nitrate isotopes in
atmospheric processes,
and source areas in the United States [ A ]. In: American

Geophysical Union, Fall Meeting 2007 [ C]. San Francisco,

AGU, 2006.
Savarino J, Morin S,

isotopic constraints on the origin of atmospheric nitrate in coastal

Kaiser J, et al. Nitrogen and oxygen

Antarctica[ J ]. Atmospheric Chemistry and Physics, 2007, 7
(8): 1925-1945.
Liu T, Wang F, Michalski G, et al. Using ®N, 70, and "0 to

determine nitrate sources in the Yellow River,. China, .
Environmental Science & Technology, 2013, 47 (,_23-.)' 13412-
13421. .

Yue F J, Li S L Hu J: The contribution of nu'irate Jsourees in
Liao Rivers | Chlna baaed on isotopic flaalonatlon Iaﬁd Bayesian
mixing mudel[]] ~Procedia Earth and Planetary Smence 201’5
13: 16-20. b A o =
Peters M Guo, 9 J, Straus% H: et al. Contamination pattems in_
river waler from rurdl}Belj'ing
stable iéotope study [ Jﬂ_] .
20194 6545 226-236.4" ,
LiSL, Tiu C Q, LiJ, et al. Assessment of the sources of';'r'l-iitrale

a hydrochemical andumulhp.le“:_“

Science of the Tétal Environmeit,

in the/Changjiang River, China using a nitrogen and oxygen

isotopic approach [ J]. Environmental Science & Technology ,
2010, 44(5) : 1573-1578.
LiC, Li SL, Yue F J,

transformations of nitrate in the Xijiang River using nitrate

Total

et al. Identification of sources and

isotopes and Bayesian model [ J ]. Science of the

Environment, 2019, 646 . 801-810.

HeiE, EEEE, KR, S5 LRI TS AR A G o B
WKL TSR R [ V], 2524, 2019, 39(12):
4319-4327.

Zhang Y, Bi Z L, Zhang X, et al. Effects of land-use types on
nitrate pollution of surface water in Guanzhong area in the Weihe
River basin[ J]. Acta Ecologica Sinica, 2019, 39(12); 4319-
4327.

Yue FJ, LiuC Q, Li SL, et al. Analysis of 8°N and 80 to
identify nitrate sources and transformations in Songhua River,
Northeast China [ J]. Journal of Hydrology, 2014, 519, 329-
339.

Yue FJ, LiSL, Liu CQ, et al. Using dual isotopes to evaluate
sources and transformation of nitrogen in the Liao River,
Northeast China[ J]. Applied Geochemistry, 2013, 36 1-9.
Cao Y J, Tang C Y, Cao G M,
natural and anthropogenic origins of the major elements in the
Northeast China [ J ].
Environmental Earth Sciences, 2016, 75(9) : 811.

Li WH, Gao L H, Shi Y L, et al. Spatial distribution, temporal

variation and risks of parabens and their chlorinated derivatives in

et al. Hydrochemical zoning:

surface water of Taizi River Basin,

urban surface water in Beijing, China[J]. Science of the Total

Environment, 2016, 539 . 262-270.

FELET. WIS AR LR R A R TR R



4 39

SREESE . TP R K R R A1 B HR IR B

1605

[26]

[27]

(28]

[29]

[30]

[31],

'3

< Yellow RNQf’ 1rr1gat10n district ( China ) [ﬂ

FRER P FER [ D], K, KRIIER 2, 2016.

Wang J Y. Nitrate sources apportionment in surface water and
shallow groundwater in Tianjin ( China) using a dual isotope
approach and a Bayesian isotope mixing model [ D ]. Tianjin,
Tianjin Normal University, 2016.

LiuJ, Shen Z S, Yan T Z,

impact of landscape pattern on riverine nitrogen pollution in a

et al. Source identification and

typical urbanized watershed, Beijing, China[ J]. Science of the
Total Environment, 2018, 628-629 ;. 1296-1307.

Bu H M, Song X F, Zhang Y, et al. Sources and fate of nitrate
in the Haicheng River basin in Northeast China using stable
isotopes of nitrate[ J]. Ecological Engineering, 2017, 98 105-
113.

Yue FJ, Li S L, Liu C Q, et al. Tracing nitrate sources with

dual isotopes and long term monitoring of nitrogen species in the

Yellow River, China [ J]. Scientific Reports, 2017, 7 (1)
8537.
BEAE. TR GOG T BObRRK TR IR R 2 728 1k S HOR IR BT

[D]. W% PEILR2, 2017,

Xue Y. Spatial-temporal variation and sources of nitrate in
surface water of Guanzhong area in the Weihe River Basin[ D].
Xi’an; Northwest University, 2017.

Shi P, Zhang Y,

in surface water to land use and social-economic factors in the

Song J X, et al. Response of nitrogen }zeliutinn

Weihe River watershed, Northwest China['jj. Sustai’r.l.allble Cities
and Society, 2019' 50, doi: 10. 1016/j/scs.2019. 101658 .-
=Wang W J, Sbng X/F, Ma Y.
using 1sotqp'1c aqﬂ gemhemlcal data in the .lbw'e‘r e;s,-ﬁ". { the
nvir;lnrhéuta!l
Earth Sciénces, 2016, 75(11) ; 936. | /il

(320 B BRI SRR T s me

[33]

[34]

[35]

[36]

[37]

ﬂ:i%-i“ (V1. EERE U, 2003, 19(5); 41430 [
i Mad J Y Zhu J P, Xiao J J. The relatlonshlp hetwe_gp nltrogen

i conlainmatlhn and dlssolved oxygen in mainstream of the, Hua}he

R{Vf‘l‘[]] Environmental Monitoring in China, 2003, 19(5) .
4143.

YuHY, YuZ M, Song X X, et al. Key nitrogen biogeochemical
processes revealed by the nitrogen isotopic composition of
dissolved nitrate in the Changjiang River estuary, China[]J].
Chinese Journal of Oceanology and Limnology, 2014, 32 (1)
162-173.

O, R, MBS VLB RKIK B R IR L S AR
FERAE B R TR] T ). FREFRF, 2018, 39(4) : 1589-1597.
Miao Y, Zhang C, Xiao Q, et al. Dynamic variations and
sources of nitrate during dry season in the Lijiang River[]J].
Environmental Science, 2018, 39(4) : 1589-1597.

TAEAR, BhE, O, 45 20072015 4ESMTTTITEOK ) K
K A RS R AR B AR R R AR A3 AR [ 1], PRBE 5 Fe
%7, 2017, 34(4) : 329-331.

Wang D D, Zhong Y, Huang R D,

ammonia nitrogen,

et al. Distribution of
nitrates and permanganate index in source
water of Guangzhou municipal water works during 20072015
[J]. Journal of Environment and Health, 2017, 34 (4) . 329-
331.

Chen F J, Jia G D, Chen J Y. Nitrate sources and watershed
denitrification inferred from nitrate dual isotopes in the Beijiang
River, South China[ J]. Biogeochemistry, 2009, 94(2) . 163-
174.

Ye F, NiZ X, Xie L H, et al. Isotopic evidence for the turnover
of biological reactive nitrogen in the Pearl River Estuary, South

China[ J].

Journal of Geophysical Research: Biogeosciences,

Identlfcatlonu of n‘llrate !"soltﬂ“e

. ._.-l"

[38]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[53]

2015, 120(4) : 661-672.
Chen F J, Chen J F, Jia G D, Nitrate 8N and 8'%0

evidence for active biological transformation in the Changjiang

et al.

Estuary and the adjacent East China Sea[ J]. Acta Oceanologica
Sinica, 2013, 32(4) : 11-17.

Wang W T, Yu Z M, Song X X, et al. Characteristics of the
distribution and its drivers in the Changjiang River estuary and
adjacent waters [ J ]. Chinese Journal of Oceanology and
Limnology, 2017, 35(2) : 367-382.

Valiente N, Carrey R, Otero N, et al. A multi-isotopic approach
to investigate the influence of land use on nitrate removal in a
highly saline lake-aquifer system [ J ]. Science of the Total
Environment, 2018, 631-632: 649-659.

Pacheco F A L, Fernandes L. F S. Environmental land use
conflicts in catchments: a major cause of amplified nitrate in river
water[ J . 2016, 548-549 .
173-188.

Barnes R T, Raymond P A. Land - use controls on sources and

Science of the Total Environment,

processing of nitrate in small watersheds: insights from dual
isotopic analysis [ J]. 29-1'0.: 20:_@7 )
1961-1978,, =/ i

Wan R R, Cdi S, S Li H P, et al. Inferring l'alfld ri;e and  land

cover impact on @tream waler quality using a Bayeslan h}erarrhl(‘al

_Ecological Applications ,-

modelmwapproach in|the IX]IIHOXI River Walershed "'Chmaﬂ J]
1335 11 4
et"al. Grou,ndwater

Journal pf Envlropmemal Management, 2014,
NPjalijf;hromi Zv'".. NaSSfry H R, Hosono T,
nitraté COHBmlrEtlon in an e'rea using urban waslewaters for
agncullurall irrigation Lﬂlder and climate Londltmn southeasl‘ of
TPhran, Iran [N Agrlcullural Water Managemenl 2019 22.1"
397414, | ol ¥. ;

Walmbley T (J, Ong B'H Y, Klemes J J,

-
Integration of ~ processes,

C';ffcular
and economies [ J |.

2019, 107 507-

et al.
industries
Renewable and Sustainable Flr.;ergy Reviews,
515.

Lieder M, Rashid A. Towards circular economy implementation :
a comprehensive review in context of manufacturing industry[ J].
Journal of Cleaner Production, 2016, 115 36-51.

Kirkby R J R. Urbanization in China: town and country in a
developing economy, 1949-2000 AD[ M ]. Routledge,
2018.

Ding J T, Xi B D, Xu Q G, et al. Isotopic evidence of nitrate

London;

sources and its transformations in a human-impacted watershed
[l 2019, 21
(3):575-583.

Ohte N. Tracing sources and pathways of dissolved nitrate in

Environmental Science: Processes & Impacts,

forest and river ecosystems using high - resolution isotopic
techniques; a review[ J]. Ecological Research, 2013, 28 (5) :
749-757.

Miiller C, Musolff A, Strachauer U,
anthropogenic nitrate contribution along a mesoscale river [ J].
Science of the Total Environment, 2018, 615. 773-783.

Han D M, Currell M J, Cao G L. Deep challenges for China’s
Environmental Pollution, 2016, 218

et al. Tomography of

war on water pollution[ J].
1222-1233.

Song J X, Tang B, Zhang J L, et al. System dynamics simulation
for optimal stream flow regulations under consideration of
coordinated development of ecology and socio-economy in the
Weihe River Basin, China[J].
124 51-68.

4 [E LT KI5 Qe B iR BRI (20112020 4F) [Z].

HEFRELARIES, 2011.

Ecological Engineering, 2018,

e ARk



1606

w5

Es 41 &

[54]

[55]

[56]

Xia X H, Zhang S B, Li S L, et al. The cycle of nitrogen in river
systems: sources, transformation, and flux[J]. Environmental
Science ; Processes & Impacts, 2018, 20(6) : 863-891.

Lao Q B, Chen F J, Liu G Q, et al. Isotopic evidence for the
shift of nitrate sources and active biological transformation on the
weslern coast of Guangdong Province, South China[ J]. Marine
Pollution Bulletin, 2019, 142 603-612.

Heaton T H E. Isotopic studies of nitrogen pollution in the
hydrosphere and atmosphere: a review[ J]. Chemical Geology:
Isotope Geoscience Section, 1986, 59, 87-102.

[57]

[58]

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

Buchwald C, Casciotti K L. Isotopic ratios of nitrite as tracers of
the sources and age of oceanic nitrite [ J ]. Nature Geoscience,
2013, 6(4) : 308-313.
Deutsch B, Voss M,

processes in the Elbe River: distinguishing between assimilation

Fischer H. Nitrogen transformation

and denitrification by means of stable isotope ratios in nitrate[ J].
Aquatic Sciences, 2009, 71(2) ; 228-237.

) |
I,' a j.ﬂ"‘"‘. Il [
gy !
J,.-': .'"# .5"‘" . :.* /‘ | !f f::‘l'
.-‘Jl. h| N @ u'“ " _F—P \,w"'f
7 | Tupfl ] P {
{ - 4 | ‘
| jli J,- L ’! )%
4 4



HUANJING KEXUE Vol.41  No.4

Environmental Science (monthly) Apr. 15, 2020

CONTENTS

PM, 5 Inversion Using Remote Sensing Data in Eastern China Based on Deep Learning +++«+w+reresreseereeensssenenecnnnncnneneenns LIU Lin-yu, ZHANG Yong-jun, LI Yan-sheng, et al. (1513)
Regional Air Pollution Process in Winter over the Yangtze River Delta and Tis Influence on Typical Northern Cities -+ LI Rui, LI Qing, XU Jian, et al. (1520)
Influencing Factors of Ozone Concentration in Xi’an Based on Generalized Additive Models +++ HUANG Xiao-gang, SHAO Tian-jie, ZHAO Jing-bo, et al. (1535)
Spatial and Temporal Distribution Characteristics of Levoglucosan and Its Isomers in PM, s in Beijing and Six Surrounding Cities -+++++- ZHU Hong-xia, TAO Xue-mei, WANG Chao, et al. (1544)
Characteristics and Sources Apportionment of Fine Particulate Matter in a Typical Coastal City During the Heating Period «++++«eseeeseereereeeenes LI Ming-yan, YANG Wen, WEI Min, et al. (1550)
Characteristics and Source Apportionment of Black Carhon in Chengdu «+«esesetsrerrersssmemensininiiit s WANG Lu, YUAN Liang, ZHANG Xiao-ling, et al. (1561)
Effects of VOCs on Ozone Formation in the Tianjin Suburbs in Summer YAO Qing, HAN Su-qin, ZHANG Yu-fen, et al. (1573)
Source Profiles and Impact of Volatile Organic Compounds in the Coating Manufacturing Industry WU Jian, GAO Song, CHEN Xi, et al. (1582)
Characteristics of Condensable Particulate Matter in Ultra-low Emission Coal-Fired Power Plants DENG Jian-guo, WANG Gang, ZHANG Ying, et al. (1589)
Distribution and Source Analysis of Nitrate in Surface Waters of China s«+++tseeeseseseresssimmeneniinnini ZHANG Xin, ZHANG Yan, BI Zhi-lei, et al. (1594)
Spatial Characteristics and Ecological Risks of Perfluoroalkyl Substances in Coastal Urhanized Areas of China and South Korea —«+:++++++ YANG Hong-fa, SHI Bin, ZHOU Yun-qiao, et al. (1607)
Analysis of Water Quality Change and Its Driving Factors of the Xiaoging River Estuary in Recent Ten Rears — +:«+seoveeeseesessenssnsenennnnns FAN Xin-feng, HAN Mei, WANG Lei, et al. (1619)
Distribution of Four Artificial Sweeteners in Water Treatment and Water Supply System in City H of Zhejiang Province -+ MA Xiao-yan, HU Hui, LU Si-jia, et al. (1629)

Changes in Epilithic Algae Community and Its Relationship with Environmental Factors in the Meixi River, a Tributary of the Three Gorges Reservoir ««+s+sseessessersensenesienennsniniinennes

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" MI Wen-mei, SHI Jun-giong, YANG Yan-jun, et al. (1636)

Succession Pattern of Phytoplankton and Its Drivers in Lake Luoma, Jiangsu Provinge —«eeeseressrsrssresssnennsnnninnisinssnennes ZHANG Qing-ji, WANG Ye-yu, WANG Jin-dong, et al. (1648)
Relationship Between Diversity of Aquatic Plant Communities and Water Environmental Factors in Lhalu Wetland »«««+eseeoeereereseneneens WANG Jia-jun, TIAN Han-xin, ZHOU Lei, et al. (1657)
Evolution Characteristics and Driving Factors of Denitrification Community Based on Network Analysis in the Process of Spring Thermal Layer Formation in Zhoucun Reservoir ««+essesseeeeees
.................................................................................................................................................................. ZHOU Shi-lei, SUN Yue, ZHANG Yi-tan, et al. ( 1666)
Temporal and Spatial Distribution Characteristics and Difference Analysis of Nitrogen and Phosphorus in Daihai Lake «+eseeseeseereeerieneneennes ZHAO Li, CHEN Jun-yi, JIANG Xia, et al. (1676)
Sediment Denitrification Rate and Its Response to Exogenous Carbon and Nitrogen in the Ponds and Bottomland of the Chaohu Lakeshore Zone ~-w++++:++: LI Ru-zhong, WANG Li, LIU Chao (1684 )
Phosphate Control Effect and Water Body Remediation of Magnesium Modified Reed Biochar —«+-«eesseseereerssemeneneiiineniiniinennn DING Yu-qin, LI Da-peng, ZHANG Shuai, et al. (1692)
Efficiency of Magnesium Hydroxide Capping and Amendment to Control Phosphorus Release from Sediments YANG Chun-yi, ZHAN Yan-hui, LIN Jian-wei, et al. (1700)
Characteristics of Chemical Fractions of Dissolved Organic Matter in Road Runoff in Beijing - CHEN Meng-yao, DU Xiao-li, YU Zhen-ya, et al. (1709)
3D Porous Photothermal Materials for High Salt Wastewater Treatment HUANG Le, XU Ying-feng, XIE Qian-qing, et al. (1716)
Electrocatalytic Oxidation of Sulfadiazine with Ni-Doped Sh-Sn0, Ceramic Ring Particle Electrode ++esserereereeremenenesinnennnscnnes SHI Qiu-jun, LIU An-di, TANG Bo-bin, et al. (1725)
Degradation of AO7 with Magnetic Fe;0,-Cu0 Heterogeneous Catalyzed Sodium Percarbonate System —«+v+ersereereesrersissseinesinseninnsneee XU Jie, WANG Lin, CHEN Jia-bin, et al. (1734)
Red Mud-activated Peroxymonosulfate for Ciprofloxacin Degradation: Efficiency and Mechanism SHI Jing-zhuan, WEI Hong, ZHOU Xiao-de, et al. (1743)
Influence of Industrial Wastewater Quality on Advanced Treatment of Microbubble Ozonation - +++ ZHANG Jing, ZHANG Shou-jing, LIU Chun, et al. (1752)
Adsorption Properties of Sludge-hydrochar for Methylene Blue CHEN Li-yuan, LI Da-peng, ZHU Wen-juan, et al. (1761)
Preparation of Modified Watermelon Biochar and Its Adsorption Properties for Ph( I1) «+seeeseeesessssesisismiminiiiiiiiiii BI Jing-wang, SHAN Rui, HAN Jing, et al. (1770)
Construction and Denitrification Performance of A%/0 Based on Partial Nitrification Coupled with an ANAMMOX System ++s+eseeseeseeseesensees LIU Xiao-chai, RONG Yi, WEN Li-jie, et al. (1779)
Construction and Mechanism of Methanotroph-hased Ultimate Denitrification System for Tailwater of Urban Sewage Plants «+oveveeeeessesveeees YANG Ya-nan, LI Yan-cheng, LI Jiang, et al. (1787)
Impact of Hydraulic Retention Time on Performance of Partial Nitrification Granular Sludge in Continuous Stirred-Tank Reactor WANG Jian-fang, QI Ze-kun, QIAN Fei-yue, et al. (1794)
Realization Process of Nitritation and Changes in Sludge Characteristics in Granular Sludge Reactor for Low Strength Sewage Treatment -+ ZHU Lin, CHENG Cheng, SONG Jia-jun, et al. (1801)
Characteristics of Organics Transformation and Sludge Morphology in an ABR for Sewage Treatment with Different HRTs «+reoeeeerereeeereses CHENG Cheng, ZHU Lin, GUO Kai-cheng, et al. (1808)
Effect of Adding Granular Activated Carbon ( GAC)/Manganese Dioxide (MnO,) for the Anaerobic Digestion of Waste Activated Sludge -++++++++* YANG Bo, JIA Li-juan, XU Hui, et al. (1816)
Trace Metals Pollution and Health Risks for Planning Area Soils of 193 Chinese Cities «+«+ssssessrsrssssssmssnmmissininninsnsnsinnee LI Kuo, PENG Min, YANG Zheng, et al. (1825)
Assessment of Heavy Metal Pollution in Surface Dust of Lanzhou Schools Based on Random Forests ««+sesseseseeressensenensninennsnisenns HU Meng-jun, WANG Jia, ZHANG Ya-yun, et al. (1838)
Contents, Sources,, and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons ( PAHs) in Surface Soils of Various Functional Zones in Yangzhou City, China *+++-
........................................................................................................................................................................... YAO Cheng, NI Jin-zhi, LIU Rui, et al. (1847)
Safety Assessment of Rice Planting in Soil Cadmium Geological Anomaly Areas in Southwest Guangxi ~ »«+++sessereereereseseneneeennene CHEN Tong-bin, PANG Rui, WANG Fo-peng, et al. (1855)
Bioavailability and Influencing Factors of Soil Cd in the Major Farming Areas of Chongging —«++s+sseseesesresesseresemenennsininennsnens WANG Rui, HU Xiao-lan, ZHANG Yong-wen, et al. (1864)
Control of Cadmium Migration and Transformation in Alkaline Paddy Soil-Rice Using Cotton Stalk Biochar +++ LIU Shi-dou, ZHU Xin-ping, HAN Yao-guang, et al. (1871)
Reduction of Soil Cadmium Activity and Rice Cadmium Content by 4-year-consecutive Application of Organic Fertilizer +++ XUE Yi, YIN Ze-run, SHENG Hao, et al. (1880)
Effects of Nano-magnesium Hydroxide on the Forms of Cadmium in Different Types of Soil DENG Ji-bao, ZHANG Chun-lai, XU Wei-hong ( 1888 )
Selenium Uptake Characteristics of Reclaimed Soil-Crop from Mining Wasteland and Its Antagonistic Effects on Heavy Metals «+++veeeeeeeeeeees YIN Bing, WANG Jian-fei, SHI Sheng, et al. (1904 )
Dynamic Effects of Different Biochars on Soil Properties and Crop Yield of Acid Farmland :ervereeseeeserenenmimenni. YANG Cai-di, ZONG Yu-tong, LU Sheng-gao ( 1914 )

Effects of Fertilizer Reduction and Application of Organic Fertilizer on Soil Nitrogen and Phosphorus Nutrients and Crop Yield in a Purple Soil Sloping Field = «+xeseseeeereseerevssisscnnenens
-+ ZHU Hao-yu, GAO Ming, LONG Yi, et al. (1921)
Response of Nitrogen Loss Flux in Purple Soil Sloping Field to Reduced Fertilizer and Combining Straw «-+-++++seesseseeeees XIONG Zi-yi, WANG Zi-fang, LONG Yi, et al. (1930)
Effect and Approach of Enteromorpha prolifera Biochar to Improve Coastal Saline Soil +«+e++srssersrsseresressnmnscnsnnesinecss e WU Dan, SUN Ping, LU Peng-zhan, et al. (1941)
Vertical Distribution of Soil Dissolved Carbon and Its Influencing Factors in the Artificial Shelterbelt Irrigated with Saline Water in an Extreme Drought Desert — «+seeeeseseeseerseeseneneeenes
............................................................................................................................................................ MENG Tian-ge, WU Lu-yao, ZHANG Shao-lei, et al. (1950)

LU Lai-xin, SONG Lei, LIU Zhi-li, et al. ( )
*+ GUO Jun-li, TIAN Mei-jie, GE Ti-da, et al. (1968 )
(1976)

(1987)

Response of Soil Enzyme Activity and Chemical Properties to Nitrogen Addition in a Korean Pine Plantation

Consumption Capacity of N,0 in Paddy Soil and the Response Mechanism of nosZ-I-containing Communities *




	1
	04
	zml

	20200410

