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T AR5 RGN, X AN A i 8 3 v By il
FH B JEA B AR B8 U L BB VR 42 5T R 1] 24 85 HE
AR I K R R DA e Tl B B T ) o A T R A
WSO A I R AT Ak A BT DA SIE R o T A A R
O

ARSCPTAL A 11 AT R AL R
[F) HiL X L K AN [R) 5 G e 7 3 s G ) 04 HE
PEAT I B AE IS (] 2 8] 3 A F 1 Ok 43 #r 1l
Al A M v 5 75 Y HE AR AS R4 T LXK A9 4 A7 1 150 LA
G, AR AKX,

Q=Q; +Q: +Q, +Qu @)

KO, Q MARAHIETE YY) i BHER
Q: NEBFMISYY i WHERE;: Q. NS
ey BHECR s Q. NKFEIRIE IS A ¢ B HETR
i Qu NARK AT KGR BYHER R .

Q = XQ, Xa,, (2)

KOH, XQ, MIE—FEHIM ;j -4 5
B, WHE—FERA; 0950 R

Q = A, Xe, (3

KO, A, REREVHLSFEREH; ¢
T8 5 A AR Bl R 2 AR K TS G B IR R R B
114

Q. =YZ, X6, (4

KOH, Y Z, HHEKTFREHER m 177
W 0., WK IRE A m TS YY) i Y HE
15 725

Qs = NP X, (5)

K, NP ARMNEMAEANDEN) e H
YY) N HETS REL
2.2 EiRBERAMK

A5 hm 5 Y 0 Aar A2 G 5 M BB T 7 A 0 ST g
W B HE IR B, BT Y W ) S bR T YL 1 g 38 A
BALASE R [v] BT HE R B B TS G K LK
S TG A A R R SRR TS Y B far HE AT
DI IR I5 e Wy 5l 35 YL U5 19 15 e STk AR L 2
6 Wy e mi v Y R ) S5 bR B fr 5 R S AR TS g
ffar 2 e A K Y

SO @ () ERRTS Y T fr PR

P, =Q/C, (6)

KHr, C, IREHLEY W E. Hi
B AE 2 A & (COD) L M A (TN) 15 i
CTP) [ 1 e B2 A8 ok A T (b 38 7K 24 58 it it A
#E) (GB 3838 —2002) H ) V K H5 i (COD<C
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15 R B A R AR HETS R E K IR HETS R ECR
A HE T V5 K HE TS R BRI ISR 1,

F1 2020 FEMAL A TEMHBRE

ELiEN Hfr FEM (LX) b2 T AR A ey
BRI R AL kge sk tak kg ! 14 6.2497 0.5186 0.0951
4 127.7180 5.3333 0. 6223
bl 1. 1428 0. 0630 0.0193

Al FhA HETS R B kg+hm 2 o R HE R A - 0.775 0.067
f7el b HE R 5L — 1.448 0.036

IR FRBHETS R AL kget™! — 13.919 2.588 0.253

AN A 1 HETS R B g (N-d)! AR 25.92 1.46 0.11

R T 27. 89 1.79 0.13

R 18.63 0. 65 0.07

HES 38 7 19. 83 0. 85 0.08

T & T 20. 25 0.92 0.08

R 18.92 0.70 0.07

[T 4akiH] 17. 48 0. 46 0.06

AR 18. 04 0.54 0.07

M T 19. 34 0.77 0.07

JER i i 25.77 1.45 0.11

ik i 18.63 0. 64 0.07
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HE G TG K B HERL & FE S 6 %% . Wi HE A 3
>k B F K= FR5E DL B AR R A TG HETS L Al R
Hefk 19 67, 95 % F1 30.97% .

CODHER /7t
mm 65.24~76.44
 76.45~88.71
[ 88.72~129.63
[ 129.64~318.37
B 318.38~2491.48

0 6251250 250.0 km

B 5 mdb& COD HEM = 8 5 45 1E
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SR ATAS 3 T G 0 HE R Y B IR 2
P AR R ST, 4 B2 COD 65, 24 J7 . BAR
12.03 7 t, BB 2.49 J7 t. 3 Fhis Je i HE ik & 19
T RAE B E LT, 43518 COD 2 491, 48 J7 t,
BUE 465.6 J7 t, BB 49,31 1 t, MTTdb4 4 2K
15 Yk Pk TS e W HE i R/ IME B
ARAETT HE Y W HE R R R 79. 75 7 ¢ HER B
KAE K 3 006. 39 J7 ¢ fERE LTI, PO 9 B
Uk 2 R 2 BJE T RS IR T 08 K T 5 E AR 1 2
Sead A R LT S SR AR TR R 17,8 T t,
T AR T A 0 S SR B AN 3 773 7 L MRS
i B4 AR b & J BOTR L b B R B DA Rl 5 4 R A
22 ¥ 25 S BON IR TS e W HE R () 2286 . I
T HA R4 1) b R B2 5 I ¥ i6 , 6 S aRe L, Ab7E
TRV TV Py v i, PV BT AR B T4 440 k'
L A TR VR R LTI Ry 4 ]y R A v
U VS Y T ety . [RIE b T LT A S
S Al K Al A R TG A B RTTE R T B4R
et 5 R, BEE R M EE YN EA
“— T AR R R DX R B R T i i R
5E IR A 1 AAE YRR AL L) R A
b= b K i A Ry S8 BT LI T A L T R
T4 Y HE A X
4.3 AEERIEESEATHHR

Fie BRAE AR s g B A AZ B A A DA & 11 A4
AT BT G 75 e 0 S s i far , Herp ) COD
TN F1 TP By B 10 2 % ok B (R KR 58
J B RIE) (GB 3838—2002) 1y V bR 1E (COD<C
40 mgeL ™', TN<C2. 0 mg+L ™', TP<C0. 4 mg+L™ "),

T A6 A8 ARl T IR T G V5 Y ) S A s Y B S AR
5L Nk 2,
4.3.1 FFERHmFRAT N4 NELRKFERE,
COD By 55EFRT5 YL i fif R 10 504. 54 42 m* &Y
SEbRTs et fr Ry 40 182, 01 42 m? , BB Y S5 bR 15
Yufafar gk o 27 291. 86 12 m®, 3 Fhig YLy i p 4
FRIsYL it 77 978. 41 42 m*, M 2 %
AL Y O PR 52 ) fie K 05 YL 2 BV,
B R R B, iR 02 COD, LT A 2080 mT
DL B S5 R0 RIS gt R T b A8 A Ml T 5 G v X
PRI 0 5% 0 fi Ry T EE L A RUR R B s T R K
WE B, 7525 WA 1w W5 Y G 3 v, 22
Tt XoF F R 08 HE RS ) B S X K T 3R
P HETS 2R GE BEAT PR Ak, LU A Al Fi AR T 1] Al 2
Xof S BE AN N 1 A7 B0 0 B S 5 R R
ERTRED RS

SR B A A TR i A B TS Y B far
FeAr ol B B IR N 0. 70% . AR F: 58 M 0. 58%
K= FEH R 85. 52 %0 A& A AR VE HEVS S 13. 202
Bt UL B9 ] LA & BT b 48 T IR TS Y ROk
H T oK™= F 50 AR B AE T K . COD 45 45 15 4t
B b K 7= FR B 5 H SRR R 97, 13 %6, MR AR
BT e G far b bt 2 oK ™ FR A X — K P o B R
KF] 94, 42% , BEAVS Y COD 5 B/ £k T
IKT=FRFE . R A SR TS Y AT H K R B
AW AEIETGK A Fe i K 405 2R 67. 95 %6 F0 30,97 %,
BB IR IE 5 AN R K B A K P 7R SRR T e £ far
Eo b FR N

R2 BRUENRSEATEEDTLRAMEL

— SRR TE Yt fif /42 m® BTG Y A LG/ %6
COD TN TP &t COD TN TP At
BB 187.82 200. 69 159. 31 547,82 1.79 0. 50 0.58 0.70
Ay A AE — 313.47 135. 50 448. 97 — 0.78 0. 50 0.58
IK 7= SR 10202. 80 37940. 73 18545. 22 66688. 74 97.13 94, 42 67.95 85.52
I HET 113.92 1727. 11 8451, 83 10292. 87 1.08 4. 30 30. 97 13. 20
BETt 10504. 54 40182. 01 27291. 86 77978. 41 100. 00 100. 00 100. 00 100. 00
4.3.2 FERFAAFTEAG MEIAELEN  59.30%, MAEBIERRTE YL TN 23 280. 24 /2 o,

i A

b4 11 AT X 2 b5 T Y 17 1 o R {l Y IR 7E
FELTT  fe/ME H BRAE AR T, o B LT COD
SERRTG YL AR A 6 228, 69 12 m® SR TE YL i fT LN

SEFRTG YL MR HE R 57, 94 90 A B 1Y 25 AR TS U R

faf k12 326. 89 42 m® , SE bR {5 Ye fufaf b oA 45, 17%

ARAETT B COD 254375 4 i faf A 163. 09 /2 m* , 45
117



R&Z - R¥ - B8

Z k

R Lk H % 11 %

Fris Y far Lo 1. 55 % SV AU 45 A 15 e 1 A ok

SEFRIS YL AT 621, 49 12 m®, AR 15 YL B T L
H2.28%,

F3 ALABRTHERBRESHRSRAN

EhRT5 Y i /42 m® ARG Y S L/ %6
ATELIX

COD TN TP At COD TN TP
AR 652. 49 2569. 85 2341. 33 5563. 67 6.21 6.40 8.58
FRAE T 163. 09 601,41 621.49 1385. 99 1.55 1.50 2.28
kRO 324,08 1229.08 906. 33 2459, 49 3.09 3.05 3.32
FEGTH 191. 11 744,97 624.15 1560. 23 1.82 1.85 2.29
JE 6228. 69 23280. 24 12326. 89 41835. 82 59. 30 57.94 45.17
iR 5 il 632. 50 2454, 47 1821. 33 4908. 30 6.02 6.11 6.67
PR 530. 36 2163. 16 2251. 69 4945, 21 5. 05 5.38 8.25
M T 547. 66 2193.13 1917. 27 4658. 06 5.21 5.46 7.01
I & T 221.77 904. 84 877. 60 2004. 21 2.11 2.25 3.22
K T 216. 86 952. 37 1271. 40 2440. 63 2.06 2.37 4.66
S 8 T 795.92 3088. 48 2332. 38 6216. 78 7.58 7.69 8.55
&it 10504. 53 40182. 00 27291. 86 77978. 39 100. 00 100. 00 100. 00

4.3.3 WA FARTERIT D0 5 AL GE BRSBTS TR S RS i D DAk

T XN AL A A5 AT BUX A A5 75 G A 5 A5 AR T
Taf LA 3 6 ArcGIS 04 il b 4 45 b
15 G AT 23 8] 73 A 22 1 HH ok R A A 4 ]
8 PR

BT s i L
Il 1385.99~1560.23
B 1560.24~2459.49
2459.50~4945.21
4945.22~6216.78
B 6216.79~41835.82

0 80.0 160.0 320.0 km

s WitdaSTHRRLERSLES
RS e £ 6 25 18 49 7 45 E
38 3 43 AT AT AR L G2 ARl TR TS e S AR TS
Y 571 o7 i e (B4R AR AT AEAS 7R e A T 1A g
(9 R LT, 55 bR 7 Y B far O 41 835. 82 42 m*, 4%
B i5 Y 67 Ao B 2 5 b4 g — 2L 35 8] 53. 65 %0
TT A 45 T 08 1) T 3k T A R T RIS S 7 4 e B
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A o8 I U T T I A 20 2 AT, R
A 4 5 U8 5 0 9 DRt R R AR T A 4k
il K™ SR I 3 K ik . A R AE AL
BB S A TR 55 55— 7l 1 R R B Oy
T, Bl ok s Yet 58 2 Wb R R
FE T AR T v M T AR TR T Gl A5 bR Vs G 1 fT
FHXTEEAG . T A6 48 Jb BB R Al T 55 %8 5 3 i Al R
ik B AR BT LA AR T VR TS Y A b
15 Y 571 g S AU A T S B

4.3.4 RESFFEFEX EDITEWILE 114
TP IX 4 A5 YLk P i 55 b 35 s 7 fof (8, 32
SPSS B4 #E 47 B2 3 B o X AT B IX 5 Y AR R
P25, BMEARHIT R R, WBEWRITE
JR 2 R B A DX J] B 436 Sk o 5 BR 2 HE B e 20K
JEBSATBOX 1975 YL FE B o3 =28 35 R B e 9
Fims. W REFT LA L B mde s 11 4
7B X 1 5 G A B2 40 43 kg R 9 g | b BE T R
BTG Y 3 P A R LT — AR o
VY AL, FE LT A L R B, R R AE
2014—2016 4F Al AN Wr I, [l B 3E 5 4F 5 GDP
M B AE %A L TE . RIS R T LT O Y
PG A A5 LK 7 FR 580 B8 Ry ik Bt DAL 43
— 25 TR 1L T A AR T YR S Y 1]



11 EEZME TR M k00T b K Rk @R T R e R A AR Rz R TR
N S S S R S N = TUE R e LR St P IR
w10l Jg TN=TP>COD. 11 7B X 1% 57 15 %
o i 1 5 AR O L > I 15> 725 >
i— s 17 IR 17 1 M 1> 3 11 17> K >

ﬁi?i# AT > 28 5 T > R AT 4 AN K 0 bR TS
e 5 7 L b S INHED 1L K FE > 2 1
me o Y R AR A BT AL A
o T S 9 B PR 2 S K 9 AR A O

B9 BEMMERE

HhRE IS e 2 A rp R T G 4 b R Y Ve
7 AT R T HISH 7 0 A 58 T T i 4k i
FLAFFRTS Ye i fr 349 (E k4 764. 868 /4 m®. J&@
TR YT A 5 e R AR R S T LB
IR E DT I G T AR R, ks X R 2T
R UMD R A At 3 T A ol 5 R R A ]
JIF R AR Az 7 RS A B /)N p JH o R B AR T R 5
SRR UEN: G L (38
5 gk

(1 id 1 7 BTk, 23 035 T CODL TN,
TP3 Ff 5 4L My i HF Al &, 2 T 4 75 gL Ik 2 0k e
AN FAT B RS Qe W HE i . 78 B SR AR I P T g
YRR 79. 779 T AR IE T F & F 5
W P B R R TR AR R R T R HE R A
£ 0. 681 J7 t, Hor i i A FAE Y 5 Y HIE IR i
o 889.489 t, K FRFHIG YK F 4 914.116 J1 ¢,
T B HE R B IR B 2 980, 464 1 t, AR A AR E HE
1o B HERCR A IR E) 113,919 J7 o AR T A HE i
mi K. B 17,800 T t,

(2)2020 4FR) b 48 ARl T8 535 e 45 05 e )
(R HE A . COD 4 201, 815 J7 . i & HE i =k
1.797.99877 t, AW 108, 681 1 t, HI T
b B PR A R S5 R 1 25 57, COD F 2R IR T K
7 FEBH R B IR Sy R LT A e R 7l PR R R
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Spatiotemporal Characteristics of Agricultural Non-Point Source

Pollution of Hebei Province Based on Inventory Analysis Method

WANG Xingyu' ,MA Yan'*
(1. School of Management, Wuhan Polytechnic University, Wuhan 430048, China; 2. Key Research Base of
Humanities and Social Sciences of Universities in Hubei Province/Food Safety Research Center, Wuhan

Polytechnic University, Wuhan 430048, China)

Abstract: In order to investigate the current situation, characteristics, pollution intensity and temporal and spatial
distribution of agricultural non-point source pollution in Hebei Province. The paper analyzed the discharge of
COD, TN and TP pollutants in 11 administrative regions of Hebei Province in 2020 by using inventory analysis
method and equivalent pollution load method, and established four pollution accounts to calculate the standard
pollution loads of non-point agricultural source pollution from four pollution sources of livestock and poultry
breeding, agricultural planting. aquaculture and rural domestic sewage. The spatial distribution characteristics
were drawn and cluster analysis was carried out. The results showed that the discharge of livestock and poultry
breeding was 797 790 t, agricultural planting 6 811 t, aquaculture 49 141 160 t and rural domestic sewage
1139 190 t in Hebei Province. In 2020, the discharge of three kinds of pollutants from agricultural non-point
sources in Hebei Province was 42 018 150 t of COD, 7 979 980 t of total nitrogen and 1 086 810 t of total
phosphorus, and the total discharge was 51 084 950 t. The equivalent pollution load of the three pollutants was
TN>TP>COD from small to large, and according to the pollution account, it was divided into aquaculture>>
rural domestic pollution>livestock and poultry breeding=>agricultural planting. According to the calculation,
the equivalent pollution load of Tangshan City was the highest, and that of Chengde City was the lowest.
Through systematic cluster analysis, the administrative regions were divided into three categories as heavy
pollution, moderate pollution and light pollution. Conclusion agricultural non-point source pollution was very
serious in Hebei Province in 2020, in which COD discharge was the largest, and Tangshan was the most
serious. The pollutants mainly come from aquaculture account. Agricultural non-point source pollution was a
serious problem in Hebei Province, and the main problem areas were concentrated in the central and eastern
parts of Hebei Province.

Keywords: agricultural non-point source pollution; equal standard pollution load method; list analysis; clustering

method; Hebei Province
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