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Abstract. Accurate source identification/apportionment is essential for optimizing water NO3-N pollution control strategies. This study conducted a meta-analysis based on data from

|‘,,.

#Provincial Key Laboratory of Subtropical Soil and Plant Nutrition, Zhejiang University, Hangzhou

167 rivers across China from 2000 to 2022 to analyze the spatial and temporal variation patterns of nitrate pollution in seven major river systems and to quantitatively identify the source
composition of riverine nitrate. The average p(NO;-N) in the seven major river systems was (4. 54+3.99) mg+ L™, with 9. 6% of river p(NO3-N) exceeding 10 mg* L. The riverine
p(NO;-N) in eastern China were higher than that in western China,, and the highest concentration was observed in the Haihe River system. Additionally, tributaries experienced more
serious NO3-N pollution than that in the main stream. The p(NO3-N) in most river systems in the dry season was higher than that in the wet season, except in the Yellow River
system. There was significant nitrification in the Pear] River system, the middle and lower reaches of the Yellow River system, the middle reaches of the Liaohe River system, the
Songhua River system, and the Haihe River system, whereas there was significant denitrification in the Yangtze River system , the Huaihe River system, and the lower reaches of the
Pearl River system. Based on the dual stable isotopes-based MixSIAR model, the major NO;-N source was sewage/manure ( > 50%) in the Yangtze River system, Haihe River
system, Liaohe River system, and Southeast River system. Soil nitrogen was the main NO;-N source in the Songhua River system (56.4%) , and the contribution of fertilizer
nitrogen, soil nitrogen, and sewage/manure to NO3-N pollution in the Pearl River system, Huai River system, and Yellow River system was 20%-40%. The contribution rate of
sewage/manure to NO3-N in the tributaries was higher than that in the main stream, whereas the contribution rate of soil nitrogen to NO3-N in the main stream was higher than that in
the tributaries. The contribution rate of soil nitrogen, fertilizer nitrogen, and atmospheric deposition nitrogen to nitrate nitrogen in the wet season was higher than that in the dry
season, whereas the contribution rate of sewage/manure to NO3-N pollution in the dry season was higher than that in the wet season. Therefore, point source pollution such as domestic
and production sewage discharge should be controlled in the Haihe River system, the Yangize River system, the Liaohe River system, the tributaries and the downstream main stream
areas of Yellow River system, and the downstream area of the Pearl River system, whereas non-point source pollution caused by the loss of fertilizer and soil nitrogen should be
controlled in the Huaihe River system, the Songhua River system, the middle reaches of the main stream area of the Yellow River system, and the middle and upper reaches of the
Pearl River system. The results can provide a scientific basis for the effective control of nitrate pollution in the river systems in China.

Key words: nitrate; source identification; river; nitrogen and oxygen isotopes ; non-point source pollution; point source pollution

5 B #1: 2023-04-09; 81T B#3: 2023-05-01

BEEWE: FFARFEIE4TH (42107393,42177352) 5 [ 5 & S 0T & 318155 H (2021 YFD1700802)

EZE BN FA(1997~), 3 WL g A, EZWF5ET7 10 R sl Al s 005 e 45 16, E-mail : 22014131@zju. edu. en
* SHAEAEH , E-mail: chendj@zju. edu. cn



756 E7S 5

B 455

B 2 2 2 AR M3 B E R R O L
AR BROK R B V5 YL [P B H 35 " 5. 1 22T TR 0 A
2R A 1 Th R T TR 4 4 R T
i 2 7K BR 55 5B AR ofE (GB 3838-2002) ML AE 1Y 22 42 AL
B (10. 0 mg L) 4. il 265 2075 e AR A5 4 %3] o A 24
e 5 2R G LT TR BN K A SRR
SRR ST EL 4 B S I B A P
BT ph TR PR A SRR R T 45/ e U (AL e
AR 36 95 K 45 ) DRt 2 T ok T 20 02 52 90 185 2K
73 1 S R R 2 S

TR, 2 5t A 7300 97 258 7K R0 75 4 SF U6 4R 10
J7 th A PO A 1 (9 4 2 TR A A
SRR ) A T R 6 2% B R L ol
AR (B35 K CR R B KA hs . R
M R 28 ) R 175 (6] 5 P 18 R S5 R A
i FEVRSE LA T80 5 7 B 3 R 7K 2 28005 2
ST B AT AR R IR 250 I Hu S BB 5 %
B, 7 AR [ 455 50 0 T 28095 34 8 5 U A A 4% 30
A S35 3 R R 35%~99% , 4 %ﬁf@ﬁﬁxm
Ve LR K B G AR R R TR
aﬂﬂ%%ﬁ%mmﬁaﬁﬁg[,WM$@ma

lﬂﬁmxﬁﬁﬁmﬁi%Tﬁﬁﬁméﬂﬁ
MMﬂﬂﬁ}%ﬁ%Eﬁﬁﬁm@ﬁwﬂ g X
T%£%£ﬂ3WﬁﬂfmTﬁmTﬁmwﬁﬁ$
ﬁfﬁﬁrﬂm%ﬁﬂ%%Lﬁﬂ%ﬁﬁﬁww
@$u%@ #Wﬂmﬁiﬂu?&#ﬂﬂT&@
S K 20 Ak s AR e L, 4R A,
ﬂﬁiﬁﬂmﬁﬁmlﬂﬂmmﬁmﬁjﬁﬂ&
ﬁﬁiﬂﬁ]fﬂ@ﬂ/}lbﬂ”li%ﬁk AR AR G K AR Yy 2

R . 2R T84 I 3 22 10 B 0 O v o
R — R R . B, BT AR TR S A
B VB TE SR U5 85 22, HE 6N-NO; 1 80 -NO; ##F {5 715 [l
B P A A R B O A 0 B B0 4% Sk T S IR
) 43 AT AE B AR B S PR L 3 A Ak
o 80 IR 22 909 9 07 5 2 8 4 o 7 X B B
A R B A LTS R B IR L LA AT B
R FH 2856 43 BT 07 2 PR T 9 F 8 S 6 2% 19 4 1)
BT 7K 2R S TS M R R B, R T B
5 M B BCHE AR 5 4 T, L oA % 1 B il 2 5 4
DA% T 945 3 9 00 22 AR b B %0 K 2R I
25 T e R VB 201 7 2 5 R e A

ABFFEWCAE T 2000~2022 4E T B L S 7k &
65 28 W 3 A L4 ) 22 25 SR A OO L 45
AT A 7K % A S ) R R A T 5 B SO 4
BT T 1] 00T 30K 2R S S e A R U 2
B HdE T ORI I . AR A SO R T S

b M T U B A R A

[ f) 2 S 1k AT 880 28 8 Ml i s 1 3 T 3 B9
7K 2 it 25 R IR AL S B 23 3 A A LA O A 3K
22 14 B IR AT K AR PRl A TS e R I A Al

1 MR57FE

1.1 kiR
AR5 F Web of Science F1 H [ %1 [ 55 95 12
K& T 2000~2022 4F i) 42 & ¢

stable

nitrogen and oxygen

” “
sources source

CRERNL R R IR AT O R 1 SOk 3R RS T
406 fis SCHR . X BT A5 SCHR R AT 2 J ), HEBR 1 5T IX
B8Ry 1 AT 3 7K ZR Y SCRIR | £ 1 SRR AR T K S
JK S5 RE A A5 AT MR A5 0L B SR L A DR B T R AR R
0 3580 P 4% SR A L S AR ) 178 i SR %&?}E‘ﬂﬁ(
S R v, o SCRIR PP A B I Sl 1 R A A
ﬁ'ﬁXT)’Cﬁk*11?‘;5@’5&’%&“&%%@@%@5I@Eﬂ )”'J
& F Solvuséft 2y ﬂl % 1) GetData G-rﬁ'ﬁi'i Dlgltlzer
V2. 2 S R 1 0 0 7 0 ATl
ﬂ%ﬁﬁ%@aT%éfgmgme&ﬁmmw
1 6 124Aﬁﬁ*ﬁ/f&r“§§ziﬁﬂls 689Xﬂ$j‘ﬁﬂ’]’%
Hu%ﬁﬁ&u&@ﬁ% RV TE V5 ﬁ%ﬁnu
e e | 9 . i

Zliﬁﬁﬂtﬁﬂﬁl%ﬁﬁﬁ%%‘ﬂ{uu%fﬁ}ﬁ]u%ﬁﬁ

nﬂ%&ﬁ%mg&a@ﬁﬂwm<®§i

7J<§V\]1I3?§1Zl§ﬁ1‘ﬁﬁf U B R 25 SCHk R iR
A i) — A LAY
%@i&?}%%ﬁ,ﬁ\ﬂlﬂﬁi@ﬁ,%Klﬁliﬁ*ﬁﬁﬂ‘ﬁﬁ
RALCUL S BN AL, s LA TR — £ SIS Ny
AR AL ) 08 78 0 G 1 A7 P 25 4 0 Ak 3 5 50 4K
I e ST A R AT AL BB v R B A ST K A
— RSP RS S VLR AT R 4y
DO R /2R AR o= 85 1/ s B NS RN /7 G R 137
G2 1100 I SN I N N v i R (N NS
T 2 33t 70 590 % b 0 55 3 1) 80 AT IO
BIE 0 Ab 3, = 90323 S DL W) AR O 4 4E B
LR AT 005 I A S A A R B SR Y
177K 10 5 S0 R X b 2 A B D00 AR 4 A SR
SO AR RS FUO H 2 AR R IO (e, T
LB Ak 3 5 O AR 5 B2 BEAT AN [ K SO (A
R TR A B AR T 10 =F KO0 5 A K8 B X6 B 43
B i, 56 45 B0 23 o 2 K 3815 4k K 5 B8 L AN [\ K
SCHA A 3 i Holie b 31 07 35 K &R A ER R ) A
I %) 42 38 5 A )

1A K R P AR | AR Y AR U RN R M 1
BURIE T B Z G117 (http : //www. stats. gov. en/tjsj/) Fll

. ” @ 3
isotopes nitrate

. . . ” . ”
identification” . “river stream’ .



2 4 PR - T 32 T K AR A AT Y AR B E SR AT 757

r ] AR % R 2% H R B 2E (hitp < //acad. enki. net/kns55/
brief/result. aspx? dbPrefix=CYFD) , A\ I %5 & 3% H 26
S LA N T A RO I AreGIS 10. 8
IR AKR N EE, + R H 7 2 4 15842 phisi
JE RO R T b [ R 2 g W R R B R 2 5 B O
(http : //www. resde. en/) , J& 7K HE &= A0 R0 R it FH & 5k
BT ERg RS &8 TS %, R 2008~

2020 4F Z AR YA, I8 H AreGIS 10. 8 3155 HE il 5
J 55t Y5 B2 B 8 A B A (2008~2020 4F ) 2k 5 T
M gt it Jm 5 o E 2 5 2 KB 5E°F 6 (http: /
data. cnki. net/YearData/Analysis). ¥ 4 [E {5 4 & A
CHETCIR GE 3+ 98 4 7 HE 75 A% 58007 2 AR BT ) $2 s
fTE HLEE 5 ArcGIS 10. 8 45 & A 3 & & 72 A HF ik
SRJE(R D).

Rl REFEARKRNEAEESALEIER

Table 1  Basic properties and human activities of major river systems in China
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Table 2 Characteristic values of nitrogen and oxygen isotopes of potential sources of nitrate nitrogen in major river systems in China/%o
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Table 3 Average values and exceeding percentages of nitrate nitrogen concentrations in major river systems in China
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8" 0-NOF S {E BT 5

K& %0 (%o FRIG(H LB/ % B8
RIT. 1.00~4.80 -7.49~73.0 67.5 [16,59]
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T 1.14~6.46 -8.91~34.2 45.6 [31]
piet) 1.20~4.20 -21.4~55.8 52.3 [32,33]
I ] 1.20~5.70 -17.6~39.2 65.7 [34,35,43]
jen} 1.50~5.40 -10.3~28.2 48.2 [14,36]
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