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Spatiotemporal variations and influencing factors of net anthropogenic phosphorus inputs (NAPI) in the Beijing-Tianjin-
Hebei region from 1990 to 2022. JIA Tian-jiao, PEI Wei, WANG Lin-tao, LI Min" (Beijing Key Laboratory of Water Pollution
Source Control Technology, Beijing Engineering Research Centre for Source Control and Ecological Remediation of Polluted Waters,
School of Environmental Science and Engineering, Beijing Forestry University, Beijing 100083, China). China Environmental
Science, 2025,45(9): 5104~5116

Abstract: To explore the status of net anthropogenic phosphorus input (NAPI) and its influencing factors in the Beijing-Tianjin-
Hebei region, this study took 13 prefecture-level cities as research units, collected relevant statistical data and NAPI model
parameters from 1990 to 2022, analyzed the spatiotemporal characteristics of NAPI and the variation trends of its components over
the 33 years, and used redundancy analysis (RDA) to quantitatively reveal the impacts of different types of factors on NAPI and its
components. The results showed that:(1) The overall NAPI in the Beijing-Tianjin-Hebei region showed a fluctuating upward trend,
with a significant increase from 1990 to 2006 and a slight decrease from 2006 to 2022. The annual average value was 1906kg/(km>a),
which was 5.6times the national level. Phosphorus input from chemical fertilizers was the most important source, with an average
annual contribution rate of 54.90%, followed by phosphorus input from food and feed, with an average annual contribution rate of
41.18%. Aftected by terrain, the spatial distribution of NAPI showed a trend of gradually decreasing from south to north. Handan
City had the highest NAPI value, accounting for 15.76% of the entire study area, while Chengde City had the lowest NAPI value,
accounting for 1.52%. The average uncertainty range of NAPI from 2018 to 2022 was —14.81% to 14.56%. (2) The order of influence
of different factors on NAPI and its components was: land use factors > economic factors > social factors, and the combined
explanatory rate of the three types of factors was 81.77%. Among them, NAPI and its components were only negatively correlated
with the proportion of forest and grassland areas, and positively correlated with other influencing factors. Among the indicators, the
proportion of construction land area had the highest individual explanatory rate of 45.70%, and had the strongest positive correlation
with food/feed phosphorus and non-food phosphorus, making it the most critical factor affecting NAPI and its components. The
increase in the proportion of construction land area is often accompanied by intense human activities, such as the increase in food

consumption and detergent use. Therefore, the positive impact of the proportion of construction land on food/feed phosphorus and
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non-food phosphorus leads to its highest individual explanatory rate.

Key words: net anthropogenic phosphorus inputs (NAPI); Beijing-Tianjin-Hebei region; spatial and temporal variations; influencing

factors; phosphorus
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Table 1 Phosphorus content in excretion and consumption of
livestock
BEMK By B2 ik [ke/ ()]
7 10.99 9.78
i 4.59 3.17
ES 1.26 1.06
1 10.99 9.78
E 0.26 0.17
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BT X HUE B (a) A 2022 4F A H1 R H Bl (b)
Topographic map of the Beijing—Tianjin—Hebei region (a) and land—use map for 2022 (b)
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Table 2 Phosphorus content in agricultural products.

S D)
N 0.167
R 0.082
K 0.22
GRS 0.465
R 0.045
2 0.22
1wk 0.25
LK 0.165
TR 0.083
S - 0.44
B 0.031
KA 0.013

K7 0.21

%3 BERMTFHESHE

Table 3 Phosphorus content per unit area of seeds.

RS SR TR &5 9 it [kg/(km2-a)]
IKFE 6.43
N 23.81
B 4.53
FES 8.90
1wk 0.58
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Table 4 Common parameter values and their ranges of

variation
EUES WHSH BHCEHIEHE
i E RN H [ke/(ka)] 10.99 7.69~14.28
RN Eke/(Ck-a)] 4.59 3.21~5.96
RN E[ke/(Cka)] 1.26 0.88~1.63
N [kg/(Ck )] 10.99 7.69~14.28
FEWRTANE[kg/(Ck-a)] 0.26 0.18~0.33
i ZHE  [ke/ (G -a)] 9.78 6.84~12.71
T HE R ke/(Cka)] 3.17 2.21~4.12
R HEM R [ke/(Cka)] 1.06 0.74~1.37
s g [ke/ Gk -a)] 9.78 6.84~12.71
FER AR kg/(Ck-a)] 0.17 0.11~0.22
AN T (%) 16.7 11.7-21.7
AR OB (%) 8.2 5.7-10.7
FOK B B (%) 22 15.4~28.6
GRT B (%) 46.5 32.6~60.5
B (%) 45 3.2~5.9
2R (%) 22 15.4~28.6
e B (%) 25 17.5~32.5
FAtE 5 1 (%) 16.5 11.6~21.5
JER T 8 (%) 8.3 5.8-10.8
A5 8 (%) 44 30.8~57.2
BT B (%) 3.1 2.2~4.0
KRB (%) 13 0.9~1.7
IR S B (%) 21 14.7~27.3
KGR A T AR A Bk [kg/(km™+a) ] 6.43 4.50~8.36
INFERI T AL T AR B i (ke (km™a)] 23.81 16.67~30.95
KA B TR 5T R [kg/(km ™)) 453 3.17~5.89/
T 25 A T AR B [ke/(km?+a) ] 8.90 6.23~11.57
FEAE R 1 By A 2 B ik [kg/(km%a) ] 0.58 0.41~0.75
HENCHr 4l (%) 14.55 10.19~18.92
I N NS e A (ke) 3.49 2.44~4.54
RN IR 2 BEAC kD (kg) 43 3.01~5.59
W RSB 2 N B (mg/d) 9732 681.2~1265.1
AT RN A ik (mg/d) 981.0  686.7~1275.3

1.5  Hdimab P i K

AHIFEAE F 1) 1990~2022 45 - Hiu R K k5t
TA . BT BB TT A (1) 30m HifbA% - 3 ) HI %k
P PO B B KR AL LT Google Earth
Engine (GEE)z:V-&,FIH LandSat (4 S T 3% 4
SRR MR 2328 &5 DR I D) 2 ] 43 9 26 B g A
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Fig.2 Interannual variations of NAPI and its input
components in the Beijing—Tianjin-Hebei Region
from 1990 to 2022
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Fig.3 Interannual changes in the compositional proportion of
NAPI components in the Beijing-Tianjin-Hebei Region from
1990 to 2022
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Table 5 Calculation results of NAPI and its components in the Beijing—Tianjin—-Hebei region from 2018 to 2022 under the 95%

confidence interval and common parameters.

A FAaRm Pin[kg/(km*a)] P [kg/(km*a)] Podkg/(km?a)] Poeglkg/(km*™a)]  NAPI[kg/(km®a)]
B XA R 1767.5 1205.9 26.1 5.7 2914.3
S018 EAF X )T R 1109.3 958.5 16.2 3.5 2180.4
HHUE 1435.7 1081.7 21.8 4.8 2453.7
AR )RR 1708.4 1432.2 26.1 5.5 3063.4
019 EAF X )T R 1067.1 1085.1 16.2 3.4 2283.5
5 HUE 1384.9 1258.0 21.8 4.6 2669.1
HAEX () R 1744.7 1419.7 26.6 5.6 3086.9
2020 HAF X TR 1087.4 1072.4 16.5 3.4 2291.9
iU 1413.5 1245.4 22.3 4.6 2685.6
HAEX ) FRR 1901.8 1398.3 26.6 5.7 3217.6
2021 EAR XA R R 1197.6 1056.5 16.5 3.5 2389.7
iU 1547.2 1226.8 222 4.8 2800.7
HAEX () R 1758.7 1378.3 26.4 6.1 3060.9
2022 EAR XA TR 1102.2 1036.6 16.4 3.7 2271.9
i A 1431.1 1206.8 21.9 49 2264.5
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