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Fig. 1 Geographical location of cities in the Pearl River Delta region
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RER s R, ke (km™a) s Ny B PEMI VR, ke (km™a) '
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AR ) 2 s ZRUUE T X A A 7 o A A ] R A AR T B e DA AT 1 [ R

2) NZEIE shige i A o NAPL R IR 5 45 . BEERE A . R TR A . APl
WA L YRR A O TE S NBEIEE N S EAEENE, PHRATIEUEAE R,
i TE NAPL 3 ha] Z86 ANt NAPL A A AL (2).

NAPI = Py + Poced + Pim + Pron 2)
A A NAPL M AZSTE S i A i, kg (km*a) s P BEALE AR, kg-(km>a)'; P, M7
B AR, kg (km®a) s P, fCFR XA SRSk b 4 B A i, kg (km®™a) s P, K
EEYEw A S, kg (km>a) s

OB H B el s A R B IR ST Al i 5 E A IR B SR 2 R, BT BRI A4S DL PO, I, K
P LA ZH0(0.436) Hefb P 0L, R FREFPER A MBS . AZSE SRS R b e s A S B
AT EARR . AR B S EBERA RHIE5E RAL B EOR I AR & S B HE I R B O T A
1.3 HiEKRIE

BAEARIE T 2001—2020 409 (7 ARGEIHHAELE ) T ARES R, 2001—20204F) . ()7 RAEN
GITAELE ) (2018—20204F), DI A& 4T 4E 4 . NANI Al NAPL 5 A 40t B S BN E KRB
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Table 1 Calculation formulas and parameter values of NANI and NAPI models
i AR AR FFTE X ZHUUE EZ DTN
Sy ER=SATT A
I WTEVURRAREL, kg (km*a)'; 11=3 980
NANI Naep = S111 +S21-P Sy: BT 1‘23380 21]
e R EGBEREG :
P: HRFEHRIBINA
NF: Aedratie;
NANI Nehem =NF+CF xry CF: HANE; n=15% [22]
re: EAMEHESE
Si: S FAWEDRERNHEA; IN=09.2; IN=63.2;
NANI Nseed =212, S 1 INi Ini: SRBUEYFF AN EAS A,  IN=107.5; IN=35.2; [23]
kg-hm ™ IN=2.8; IN=2.8
Mue: ARERARME;
Nic: SRR R E S &
Nt TEMIP= i LR #=4.58; £=16.68;
Nim=Nic + Nic = Nip = Nep o 1§§mﬂgﬁ@ }t"u”ﬁ%% B} k:ksjdgszs;- kkzzoésézs;
e ko ks NRIIRNL s P00 PO
- FUNFERRL, kg(can) s §7 00 8
NANI NiC:Z;‘[:lkiPi Pe: KN ATE £=0.2; g=0.22; [23-25]
NS P AP Lo
@~ L 4G gt FTFIANY R I, 11843 ¢=3.2;
kg-(caa) s ¢=56.16; ¢=19.36;
Ge BRI GAS R, gkt TR O
Oi: BA
NANL Noc=S S Si: %%ﬂﬁi%ﬁ#ﬁﬁ H; 1=3000; 7=8 000; 26
= L: SRAEYEARE, kg (km’a)” 7=9 600
PF: #ECdralis (LIP,OSIT) 5
NAPI Pehem=(PF+CF xr,)x436.4 CF: E45ME; r=15% [22]
rp: EANH AL B AR
Si: HARBWEYIRE RN AN Ip=6.34; Ip=7.9;
NAPI Peed=21; S ; Ipi Ipi: SZAWEFD LA AR S i, 1p=8.9; Ip=0.58; [27]
kg-hm™ 1p=0.03; p=0.03
Nne: ANFEMBEZR R,
Nie: SVHYRIER I AL 05, 15,
Nips A9 i L0 oo s,
b p b _p p o BEECFII S i A U 034 bt
im he ic ip cp Sl ALz N ge . 5 . H
L bk NBRISCRE AR
he - = g=laz; g=1.123
NAPI Pic=ZiL kp; Pi %%mﬁ%ﬁ; lfg.(ca.?) ; §=0.06; g=0.12; [23,25,27]
Pip=X1 1 8p; Pi Pe: %Ebﬁs{%j\t\‘ﬁ; §=0.2; o
e Pi: AT YR T
@ i1 I gpi HFBFIAWE L RH, A
kg (caa)™'; S 25
g HATUERR A R, gkt 400 O
Qi BAAUEY B
B I ANPEHEE YRR R, ke;
NAPI Pyon=I[xPe 1=0.63 [27]
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Fig. 4 Temporal variation nitrogen and phosphorus input from human activities from various sources
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Fig. 5 Changes of NANI and NAPI intensity in 9 cities of the Pearl River Delta
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2.2 NANI #1 NAPI 48 5} 45 44

2019 4F, BR =M X A . B A B 5350h 1051 188 t #1203 632 t, Hkw A&l 6
Jis o NS B YR g P iRk 2 v RN Bl i A 0 e Kotk R, 43 531 o5 45 19 53.68% F1 68.47%, 1K
N RSN W 1 B0 8 R NS M s Wy ik i AR R AP E R N R, KAV
& NANI (955 “FZORIE ;. AR YR IR 191 P 3 A S NAPL IS5 ZKORVE s ARk () 4 80 R 6 A
A3 & NANI T NAPL B85 =Rk iR . LR AR W, Bl & Bk = A 3l i Ak 72 09 m porn N 1 %5 i
ARG AN, NS W RN 3h 4 ek i o 0RO B K Y NANT A NAPT SR, Al A6 I8 (4 FH 2

AR An A
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Fig. 6 NANI and NAPI pathways in the Pearl River Delta in 2019
H T B DR 2R ORT N 2T Sl R B Y 25 S, BR AR b DX ST 9O W) 4 SR R AT B AN TR] (L
F2MEE3), HEKESEAAR =M —B 4R AT S P 2 A & B AR
1 50% LA E o R = HIX NANI Al NAPI 9 3= 22505 AR -5 e B H A b DX 077 7 B 38 22 57 o 14 KOsk
NG YRS Py DRl ok i . Bl AP 24 5 B X v T A BRI, T A Al ok Y Rk
S NZETE B X NS Y 98 I A ORI, X BR A DO T Al X B R AR —

T2 BESXOHRIK= A NANI IRk R

Table 2 Contribution rate of each component to NANI in 9 cities and Pearl River Delta %

PEWE A

20
iz

Hi Naep Nehem Nseed Nim Nrix
Ll 13.9+3.67 18.5+4.76 2.54%0.794 63.9+3.40 1.25+0.390
st 13.8+0.899 4.00+1.43 0.0823+0.080  82.1+0.938  0.029 4+0.043
BRify 23.3+3.62 17.146.47 1.58+0.778 57.246.46 0.726+0.360
G 9.17+2.57 17.6+3.25 1.0420.735 71.742.71 0.491+0.345
M 27.2+1.15 24.2+0.960 4.75+1.12 40.9+2.74 2.97+0.735
AR5E 16.5+4.85 8.6£3.62 0.467£0.379 74.3+1.934 0.18120.179
il 14.4+4.91 25.446.11 2.08+1.67 57.343.19 0.888:0.731
L] 16.6£1.13 25.3£1.16 6.23+0.352 48.7£2.07 3.16£0.207
N 16.3+2.13 32.9+2.66 4.50+0.329 43.8+1.83 2.52+0.149
= 16.61.86 22.6+1.29 3.47+0.447 55.5+1.26 1.87£0.250

HE : Ndepj‘]j:/;\ﬁ{ﬁxlg%%}\i ’ Nchemjl]ﬁﬂﬁﬁj\é , Nseed ﬂﬂﬂ‘?* E‘J/ﬁﬁﬁ/\ﬁ ) Nim'fﬁi.% Eiﬁ
ARSI R R R AR, Na R EYIIE . B A 4205 9Tl Kok = M X NANIFY)
B R 2000—20 IOFHURBUYE, IFTRHbRME 2.
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T3 BESMITRIKZAHX NAPI BTk R

Table 3 Contribution rate of each component to NAPI in nine cities and Pearl River Delta %

His ok Pchem Pseed Pim Pron

T 4.92+1.81 0.011 4+0.003 95 77.246.33 17.8+6.28
I 2.61+2.60 0.000 3+0.000 37 53.6+8.62 43.8+7.52
it 5.63+2.34 0.009 0:£0.005 32 75.746.06 18.7+5.36
Bl 3.1420.342 0.004 3£0.002 82 84.5+3.60 12.4+3.33
HLJH 17.3£1.85 0.028 9£0.009 39 72.442.05 10.3£0.958
AR5E 3.01£0.975 0.002 2+0.001 68 60.7+10.9 36.3+11.6
Hil 11.6+2.55 0.011 6+0.007 51 66.2+5.19 22.3+5.94
L] 9.64+0.923 0.032 6+0.003 64 82.9+1.61 7.41+0.729
ESIN 14.7+5.47 0.026 2+0.003 75 80.3+5.33 5.02+0.358
W= 8.88+1.94 0.017 5+0.002 86 76.4+4.23 14.7242.55

o Pohem HBFALET AR, Puecd WFNFHAIBE A, P fCFR XU E SRS AL b i
B AR, PonNIEEWITER S AR . B A0 %o KBk = MM K NAPIAY 5T #k R N
2000—201 4 EAR I, FHtFHbRERZ

NANI H1 NAPI 7 A DX A% e K AR 32 802 R0l A0 M T AE 0 2R = A b DX ol 8 b o A
Fb A 1 18 Ji R FE T LA FH b b ) A0 A BRI R Hh T 30 et R A bR 5 3850 T Al R b 1 38
T M Ak
2.3 IR=fih[X NANI 1 NAPI B9800 [ =

NANI. NAPI {520 [ 3= E 2 FE S @i R R L R A - H A H 7 057 AR5 FEAt
SAFHREPFLEZ BN D EE . XA E . ol S E AT 3 Al AHSC Y52 0 &=
ZS AN R R B /R B FRME% R, LA 2 SRR m, S5 &
BEAG, H AR ot A 25T 2h ZU B A 52 i = 2RI e R s e A& B, A
T AS BB A3 B o X Bk = A 3l X 9 NANT Al NAPT 5 4125 22 55 IR 28 FAll IR g0 AT 1 K €6 56 BE 4y
Br, 53R WFE 4, g R s, Wl R E & 5200 % R Ik — /M M X NANI F1 NAPI 5 5 2 (1)
A Sl

= 4 NANIL, NAPI 5#HELZFMRIVEZREEXHEESH

Table 4 Grey relational grade analysis of NANI with socio-economic and agricultural factors

o R AR %
ORI : ‘ —

ATV WA A A TR AU BRI RETEE RS T
NANI 0.822 0.569 0.668 0.874 0.905 \ 0.834 0.858
NAPI 0.832 0.573 0.673 0.882 \ 0811 0.840 0.863

D) 362 . 5 NANI AT NAPT HE o B A8 16 5 0K BE f g (2 T 4k %, L5 NANI A1 NAPI
A OCHR BE IR 8 T 0.874 F10.882; [RIMS, A 1% B A9 JCIK AL & . X RIIAE S A TP R JZ 2R — A
Hi XN R O i A\ B RS e PR 2 BT AR 0 & A R N T S, R T AL R
TH 2% 15 B A 48 Jo K RN FE 2 K L S B VE AR K AE R AR TR TS K I HERC . 2018 4, Bk —ff Hh
DA 3% 5 K HERCR B R 69.2x10°t, (TR A1 88.7%., NS SN S EMPERF R MK, &
WK R Y B A BB, B Bk = A M X NANT FI NAPI i 2508 . ik, A0 E ek =
1 Hb DX g 2 € T A A 00 £ W A0 B 2R G0 3 S 7 A TS K AL BEAR UE DU 2R = AR X R Y
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1 T 2 A R AR B A

DEBEREEE . RUHEEST, ZE/RENFIEEE S NANLF NAPI 1) 5 B AR F I i
R, SRR ARE AT A, VAR SR ER = M X A i A 2 W 0 E RN E & S
WD, X ER AN TR AR N O T A A 2 0 i R R . A T A R B
WU & TAESCEOR . & 58 (B3R =M X S8 & R RN EE ) (2008—2020 4F) B #f L1 T
TR =AM BRI R RS 0 5 = R DT, N 2008 4F 2 5 ARl & Rz B RR il s me (e
RTERAE 2008 4R ARE LA K (MBS R TE ) ()7 RA RS T 5T s s
& B FIIG RPR R AR SRR R EN ) FBOR S, HESH T RAFEMHNE IR
AL (2000—2019 4RI D T 27%) 0 o5 — 8N B E R Ll = 2 N0k & . BEE 2k =t X
308 TI A 398 o 0 7l 5 A8 B VR B M T AR AR D, R A A it A BT 2 o H S PR
b, BN B RE M R T A R A i v AT 5 R AN s B, (AR BR A e PR R R B
WARKZM ., L8 LTk, W & & 2 BT IR AL ARt I 2 4% g i DL i Bk = A Hh X% ol R
W A .
3 #ig

1) Bk = F Hb IX 8 4 ) NANI FI NAPI 88 BF 76 BT 10 4F ] 5 90 26 0805 B9 0 % 20, T 10 4F Sk 4k
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Abstract  The input of man-made nitrogen and phosphorus to the watershed ecosystem leads to water
eutrophication. Therefore, identifying the input sources of nitrogen and phosphorus in the region is of great
significance to watershed management. As a high urbanization urban agglomeration in China, the Pearl River
Delta has an increasing impact on the ecological environment. Based on the socio-economic statistical data of
cities in the Pearl River Delta, using the net anthropogenic N inputs (NANI) and net anthropogenic P inputs
(NAPI) Models, this study evaluated the intensities of NANI and NAPI and revealed the main sources of
nitrogen and phosphorus input in the Pearl River Delta. The results showed that the intensity of NANI and NAPI
in this area increased firstly and then decreased gradually from 2000 to 2019. The fluctuation peaks appeared in
2011, which were 22 630 kg-(km?-a) ' and 4 413 kg-(km*-a) ' respectively. In 2019, it decreased to the lowest
value of 18 985 kg:(km*-a)™" and 3 678 kg:(km*-a)"' in recent 20 years, respectively. Human food and animal
feed were identified as the largest sources of nitrogen and phosphorus inputs, with contribution rates of about
55.5% and 68%, respectively. This indicated that large amounts of nitrogen and phosphorus entered the
environment through the food system. The gray correlation analysis showed that the urbanization rate and
livestock density are the main factors affecting the anthropogenic input of nitrogen and phosphorus in the Pearl
River Delta region. The results of this study can provide a reference for establishing effective comprehensive
management measures of nitrogen and phosphorus in the Pearl River Delta Basin.

Keywords Pearl River Delta region; net anthropogenic nitrogen inputs; net anthropogenic phosphorus

inputs; high urbanization; management strategy



	1 研究区域及数据分析
	1.1 研究区概况
	1.2 人类活动净氮/磷输入模型
	1.3 数据来源
	1.4 数据分析

	2 结果与讨论
	2.1 NANI和NAPI时空变化特征
	2.1.1 输入强度随时间的变化
	2.1.2 主要成分随时间的变化
	2.1.3 输入强度的空间分布情况

	2.2 NANI和NAPI组成结构
	2.3 珠三角地区NANI和NAPI的影响因素

	3 结论
	4 建议

