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Sources of nitrate in rivers under different land—use types in China : A meta—analysis

ZHANG Jinlan', LIN Zuhong', BAI Wenrong’, HUAN Zhenglai', ZHANG Tingting', LIN Aijun', XIAO Yong"

(1. College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China; 2. Beijing North Canal
Management Division, Beijing 101100, China)

Abstract: Nitrate pollution in surface water has attracted global attention. In order to reveal the sources of nitrate in surface water under
different land—use types in China, the concentrations of NO3—N, NH;=N and CI” and the characteristic values of 8°N-NO; and 8"*0—-NO; in
42 watersheds in dry and wet seasons were collected and evaluated by meta—analysis. Meta—analysis results showed that the concentrations
of NO3—-N (Response ratio, InR=0.20), NH:-N (InR=0.54) and Cl" (InR=0.14) in the dry season were significantly higher than in the wet
season (P<0.05). The main source of nitrate in the wet season was nitrogen fertilizer (Relative rate, RR=0.81), and in the dry season was
manure and sewage (RR=1.04). Meta—analysis results showed that land use type had a significant influence on the source of nitrate. Urban
land was mainly affected by manure and sewage (RR=1.10), and agricultural land was affected by nitrogen fertilizer (RR=0.77), soil
nitrogen (RR=0.86) and manure and sewage (RR=0.94) in the wet season. Agricultural urban mixed land had characteristics of both urban
and agricultural land. Manure and sewage (RR=1.23) and nitrogen fertilizer(RR=0.58) were the main sources in agricultural urban mixed
land in dry and wet seasons, respectively. Agricultural and forestry lands were less influenced by human activities. This study provides a
direction for the traceability of nitrate sources in rivers from different land use types, and provides a scientific basis for the control of nitrate
pollution in rivers crossing different land use types.

Keywords : nitrate; isotope; source; land use type; meta—analysis

R B #:2020-09-06 A B HI:2021-02-19

PEZ I 9K 422 (1998—) , 2, IR BHA A B8 A, AT 15 e )i 54 AL WF9E . E-mail : 1908234840@qq.com
*BIEMEE: B E-mail:xiaoyong@mail.buct.edu.cn

BEEWE : FZ R ERTH(20182X07111003)

Project supported : Major Science and Technology Program(2018ZX07111003)

http://'www.aed.org.cn



HE=, F FRAESSMAERRRERE L b FI /KB XI5 76 R i 5k iR

2021498

TSR ER A it b &) F AR A, 29 5 i
fRPETCHLA R 80%" ™, T JL-H4EK , B A 1Y NE0E
R EO A PR R ER TS Y XA X K A A
ARG ™ EH R, BRI B SRR R
KT EL AR A 2 k15 % B 7K 25 15 A8 e 42k
ZLER L o A0 IR R XU, ERT G, Ay 42 i 3]
HSERER 15 4% , X A PR ERL M R G H 2

H HNH TS ERER W I ) I ik AR 2, IR IR SR B
A7 R 1 IO 2 (4118 N-NOs F1 8"0-NOs) 4 it , Hoke
TEAN R AR Wb e R HAT 22 5, DRI AS [R] A 5 0 7
PR 2 A AN [ 18 ) 07 2R AR, 1) X — 4R AT AR
BTSRRI . A 20120 70 SEAUHF iz IR E A
PRI LR L2 T = AR B — R A R W]
(VS EATIEVAE 1/1E) ¥ 3 N i I a5t 2R E N
UURE IR IS FRER 8 N-NO-(BAR B FE B, 53531 2%0~
8%o Fll—15%o~15%™, B — R [F) {37 28 Jo ik i b A7 X
g3 o B LRI TR IR 80~ NO FFIE {7 il
FLRRAY T, 53 30 K = 15%0~15%0 F1 23%0~80%0 ™, [H It
A[AMSEZR 7R AR AT ARSI AN A (19 8 N-NO, A1 80~
NOs fE %l 43 A 2% i #1175 7K U5 (Manure and sewage,
M&S) | & ¥ (NO/NH fertilizer, NF) | - 3 2 I8
(Soil nitrogen , SON) F1 K ULFE Ui ( Atmospheric depo-
sition, AP)®!, 3f 1] DL 45 & SIAR # AU [soSource #5
AN 7 2% R PR TR , % H AT SOA ) RS R R A
WA RO

K] L 28 78 B B A DR T 5 35 36 98 i 7 5 R T4
BT AR ARSI IR A, B AT 2 B R RS
FEl A A s R T, WO DR SR A RE A SR E O U
B (AR RBOK ORGSR, 3X Al 55
S R R R 25 SRAEAS [R) I AT i 22501 . A Rk
PR DTS, HOATAS [R) A 3 5 R 2R R AN — 2L
FERARS AN AN [a] d H A F 2EBY X A2k
13 09 1 Sh AR SO ], BOA [F] L3R P2 R
SOl TR 6 V5 R S R R BRI P 25 5. BVETE L
Hu A S BUAHARL EL X A T A D, 5% ke P A DTk
A 22 AE AT i R R ok R B I TR BR 7
SE I, R T 52 R 2 A TR ok T ) 2
AR A [v] et A1) T 2H6 YT i 2 6 A Y5 1 22 S 1o ANV
5 MRS 7 A e e Gi it b TR, nld
R 5 G TR [ — [n) B8R AT W5, 39 BT AU 5 M) £19) 22 S
fE AR ZRE P as R

AW AR N S R FIY B R R K
TR Y] it v il R R vk B AR U A SCHIR , IR 850

http://www.aed.org.cn

A i T B M S DA 3 1 AN [7] 4 i M) 2 R X dk
T 3L H TCATL SR E R R oA A 25 5

| MRS

1.1 SCHEkSRIR

TE Web of Science FlH [ 119 oG 2%, 46 2 5[]
o 1980 4F 2 2020 4 6 H , & SO S B IR 40 351
“isotope” “nitrate” “source” “river” F1 “ fil§ ig £h 7 [W] fif
RVERT IR R A R AT . T RERR I D
WFFE AR Hh AT s @IFFE IR ) h 250 A X 53 2
ELZR LA AT SRR I P AR SRR B (R SE
SR i) RS 2 ) 0 SOk 688 e L+ Sk 3355 L i
b b AR e AR AR A 38 s Sk, Hob 33 R e S
Wik, 5 SOk, A 424 e
1.2 EHERE

Xof s 3 A5 21 14 38 s SCHRHEA T B0 $2 35, 2 IO
25N R WA ALY 8PN-NOsfE ,8"0-NO, {H .
NO3=N NHi=N I CI¥e & o FF AR SCRRXH 7 A
TR - 3t F) RS Sy Afoll b (A) i A3 (U)
R IR TR A FIH (AXU) AR (AF) .
1.3 iRz

N3 BT 52 T RN A R R R IR A S, RSy
B R RV HE (Response rate, InR) 5% AH X H 2% (Rela-
tive rate, RR) ARV AR A 740 T, HAR QN

X e JBE A ) o7 2R R IX S e 2 RS , B v e
InR AROVAE , HEE

InR=In {l)=lnyt—lnfc (1)
XC
HER.
S? S2
Vik™ — 7 — 2
"N X XD O N.ox X (2)

S XX 43 0 R 56 A R % B2 1 i s Ao
W J3E B R 07 3 R AEARL 1Y ~F- S4 48 VR V. A3 i AR ik
6 2 RN B2 B AR 5 SRR S, 43 AR R e 4 A
Xof BEZH AR B (bR E RS . ABIFST I 22 ) A, 2
R AL, 24 InR>0 B, 150 B 52 25 Tl 5 v s e 1
W FEAT IERIUVE 5 25 InR=0 B, 1 IH 522 | T 2 3] 3 v
15 YW BE R A [R] . 24 P<0.05 5, Ik HE R i
B,

HEHE 8 "N=NO; F1 8" 0-NO: (B4 I 1 4% 157 1 e
TR R KA RV (AP) VAEME (NF) |, +HEH (SON) |
Ff 5 AE TG K (M&S) (Y s A7 19 8°N-NOs F1 80 -

— 747 —



KA FFEEMEFHR - E 385 - FSH-HALE RSRARETRYKR FULEFA

NOSfEJ& T 2RI, B R IR EIE % A 6L L il 5%
B W RENFTE S ALEN & T 252K 5 s A n LA
PAG A AE I R N BRA R e A
FELAAHNT H 2 (RRO) A RONAE, B %
n./N,

RR = n./N. (3)
H2R.
1-n./N, 1-n./N.
= . (4)
., e
o R ne A3 AR 0 2 A XS BE 4 A9 S —Sk IR Y

SUEE s N ORI N A3 1A 2 15 56 41 A0 X BE 41 A A 9
ML, RR>1ET, 130 B 52 22 B 320k R AT IE R
RR=1 I}, 72 5 2= 320k P2 Wi AR ] 5 95% 845 X
(6] 5 RR=1H5CH, I h S AN I 2

B A 421t 20 Br B 7E R 4.0.2 B4 P 1 “meta” F1
“metafor” f 1T , 25 K ] Origin 2K .

2 #ER51TR

2.1 BENWMEARPTLEMKENERDN

T AT H NOs-N  NH;-N A1 CIVR B 4n /& 1 fing
LR, B LAl DU Y, 5 2R NOS-N A B2 43
M 0.26~21.50 mg - L™ (#){} 4.47 mg- L") 1 0.20~
34.60 mg- L' (H{H 4.59 mg- L"), 5 FIZ= NHi-N [
J& 439 4 0.09~17.70 mg - L' (¥ {H 3.29 mg - L") Al
0.04~7.90 mg- L™ (¥J{H 1.60 mg- L") , 5= Wi 2 CI A ¥
J& 43 514 0.47~161.20 mg - L™ (3111 53.30 mg- L") il
0.47~108.10 mg- L' (¥J{E 34.30 mg-L™") . BEUAT 5,3
T Ly 0 o B e 5 Rt = TR 2

RT O R IR AN R TS Y  E 2E
KRG T ik geit 7 S B R 2
gERLnE 2 frR . ZERT NOS-N  NH{=N il CI- ¥ &

e =3 25%~75% o mm %
TJ I Min:Max HE &
E RE Dry Wet 4180 ~
< 30| o HfH I
= i
% 1120 £
L =
S Isy ®
ZI' 160 3
“ of 10

NO:-N NH;-N cr

75 L) Pollutant

1 KERARSE FZENO-N NH-NF CIRE
Figure 1 Concentrations of NO;=N, NHi-N and Cl” in rivers in

dry and wet seasons

— 748 —

182 5 T W2 (P<0.05) , InR 43 51 4 0.20,0.54 Fll
0.14, it InR 8 R AR 3 52 2% 1E 2500 B K, 5 2= %)
NH;-N ¥ A B RIERON o 5 R, A fb 2
S AL RAFAE K, X 36 8 TR AR AL R K
200 2 A2 i A LA RGE R iR AR, ARWF IR A Sy
BT IR o A ZE R [ R I AR L X, R = MU
i Rr SO R I B AR B X i)
DL AR 2 RV BE e ) | 8 e T 7K P2 B a7k
SR ANE N N B 18 Al 1B A W 7 =) 1 A S I Ve
A T 2 A K, T P A NOS=N  NH =N I G187 B
BV FBEAR T 522 . AR, NHI-N 19 InR B4 5, 1t
S AR A X NHE-N 238K . — OR300, NHi-N
T2 L 2 T KR AT G 2 A O A A 2
N BRI 5 7K B AT A Tk R K T ZE . H
PRI R 28R 45 R 38 o R B 0 3, e i 2Rl Ak
A FH 3 B 55 v L X 2 BN 28 NHE-N IR T 220
HEJR A, HEAh, CUHA A Py BR Ak 2# g, g
FERRATEIERL A A R0 S S A 16 157K 5,
HANTE SN TG KA B e B2 A A 5mT iy By
Ti o — R UL, AR5 Y TR A CL e B A X 4 il
FH P 2 BTN ASBHE 5 43 A T H G InR 22 KT 0,
X 7 B 5 (4 TS A 2 2 32 B R T G s i 5
W2, SR BTBESE A NOy - N . NHi-N Al CI
WS WEEF T E(P<0.05), X FEFS WEY

JRRIEAN ]
22 AEILHMFA ALBRBEFMMEFMRPITE
MKEREFTN

TT AL PR S PR R R P AN 2 52 B R AR A
DNSECE DR ARk E YIS DR DU DS IN

NO;-N * HIH n=40
NHi-N * —l—— n=24
crr * HIH n=24
0 0.2 0.4 0.6
S InR

RN FEMWFERA BE 225 (P<0.05), T
* indicates significant difference between dry and wet season.
The same below

B2 B WEARH NO-N NH;-NF ClikEH £ R 5
Figure 2 Analysis on concentrations of NO;=N, NHi=N and CI” in

dry and wet seasons

http://www.aed.org.cn



HE=, F FRAESSMAERRRERE L b FI /KB XI5 76 R i 5k iR

202198

1 REFSFIHNO-N NHI-N F CI F R E (mg-L)
Table 1 Average concentrations of NO3-N, NHi~N and Cl” in rivers of China(mg-L™")

R o I e NON MR ¢ 2550t
ID  Year Basin Land use types H 2 - LR - LS o References
Wet Dry Wet Dry Wet Dry
1 2012 K AF 4.11 3.72 — — — — [16]
2 2013 SERTIF/ A AxU 11.62 14.29 0.72 1.84 108.12 161.20 [17]
3 2014 A i A 0.20 0.26 — — 0.47 0.47 [11]
4 2014 BT A 5.85 473 — — 6.21 8.82 (18]
5 2014 H A 11.86 11.10 4.64 17.71 — — [19]
6 2015 IR ik U 1.78 2.96 1.19 3.15 83.72 110.57 [20]
7 2015 e A3 J5z AF 1.20 0.81 1.24 2.12 9.70 18.03 [21]
8 2015 IR PG &R A 2.07 1.40 — — 29.95 113.88 [22]
9 2015 FERERT N B U 2.24 3.78 2.37 7.30 30.85 47.87 [23]
10 2016 il I AXU 2.88 2.77 — — 0.49 437 [24]
11 2017 TR 37 4k AXU 5.15 3.35 1.02 0.93 22.60 22.40 [25]
122017 KIAVGHSEE Z40 ) U 1.00 1.80 0.20 0.55 41.00 65.00 2]
13 2018  JGiEWmE8 T U 11.74 5.15 5.39 6.89 93.31 112.07 [14]
14 2018 iz )l HRBEN7 L AXU 5.25 8.59 0.24 0.30 20.72 23.31 [26]
15 2018 BB R T AF 222 2.59 0.12 0.27 15.94 15.00 [27]
16 2019 KIMA PG 5t A 2.20 2.41 1.40 1.69 61.17 101.63 (28]
17 2019 TR AF 1.21 1.51 0.32 0.54 — — [29]
18 2019 [iipAR/ 5 AF 1.77 1.69 — — 1.58 1.79 [10]
19 2019 U TREIRITRE ) U 0.85 2.19 0.83 2.73 64.43 81.61 [15]
20 2019 E|a=0) U 4.90 5.00 7.90 13.50 61.20 135.30 [30]
21 2019 =K R A 0.66 0.74 0.25 0.35 — — [13]
22 2019 P[RR/ RS A 4.25 12.29 0.26 0.67 — — [31]
23 2018 e LTI 3 K A 5.11 3.93 — — — — [32]
24 2017 RN R A 2.57 4.08 — — — — [33]
25 2017 KRV IR AxU 3.02 3.76 0.39 0.59 — — [12]
26 2014 PR R A 2.60 4.20 1.30 3.30 61.00 115.00 [34]
27 2009 ALV IR AXU 3.79 4.70 — — 2.96 9.14 [35]
28 2020 AR IRATRC Y AF 0.58 0.80 0.13 0.09 — — [36]
29 2020 TRV 3 AF 7.73 7.80 — — 2.65 3.81 [37]
30 2020 EEREEKIEIR AXU 34.66 9.66 — — — — [9]
31 2020 2K I U 7.44 10.67 — — 37.52 30.29 [38]
32 2020 JUI T R U 4.75 1.85 — — — — [39]
33 2020 i AAR/ 8} A 5.33 1.29 — — — — [39]
34 2020 JUIETT 3 AF 1.98 1.08 — — — — [39]
35 2020 AT IR AF 1.87 2.38 0.96 0.96 — — [40]
36 2020 LE 5 Tk U 1.14 1.33 5.40 8.49 — — [40]
37 2012 FOSTINRE A 4.21 1.28 — — — — [41]
38 2019 T e A — — — — — — [42]
39 2017 i AT g4k A 2.73 1.17 0.52 1.10 26.00 35.67 [43]
40 2017 i TR U 3.23 4.26 1.57 3.67 35.46 49.86 [43]
41 2017 KT 33 AF 5.90 21.49 0.04 0.24 5.65 11.66 [44]
42 2016 dtiz iy U — — — — — — [45]
T U307 I 5 A0l T b s AXU—A 3 AT TR A5 FH b s AF—f ARt . R T
Note: U—Urban land ; A—Agricultural land ; AXU—Mixed agricultural and urban land ; AF—Agricultural forestry land. The same below.
http://www.aed.org.cn — 749 —
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Figure 4 Analysis on the concentrations of NO;=N, NHi=N and
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