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Abstract

Since entering the 21st century, the main crops of farmers in Liaoning Province are rice, corn,
sorghum, oil, millet, soybean, peanut and other straw crops. Although the economic level has im-
proved, the main crops are still these food crops, which are easy to produce straw. With the annual
increase of crop output in one season, the total amount of straw is also increasing rapidly, so
large-scale straw burning occurs in most areas. However, large-scale straw burning not only
caused the continuous waste of rich and valuable biological resources, but also caused serious en-
vironmental pollution in the region, mainly in the autumn harvest period of Liaoning Province,
one of the important reasons for regional heavy haze pollution events is large-scale centralized
burning of straw. PM2.5 has strong adsorption capacity because of its small particle size, complex
composition and diverse properties, and will produce respirable particles, heavy metals and vi-
ruses to the human respiratory tract and lungs, having a great negative impact on human health.
Therefore, it is necessary to study this source of pollution. Liaoning Province has superior natural
conditions, crop output is relatively stable, and straw output is large. The theoretical crop straw
resources in Liaoning Province increased from 2046.51 x 104 tin 2010 to 2804.20 x 104 tin 2019,
with an increase of 37.02%. The straw resources in the region are particularly rich, and the total
incineration amount reaches about 2804.4 x 10* t per year. According to the predicted develop-
ment trend, the future straw incineration will not be reduced, and the PM2.5 emissions generated
by straw incineration will increase year by year. However, due to the existing policies and norms,
the straw treatment is more diversified, so that the straw treatment is less harmful to the envi-
ronment, and I believe that the crop straw treatment will be more perfect in the near future.
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IR o Hrh AEATIRGR S RETSOR BRI IE N R, WIS R G0 AR R . BB B K
SHEBCR SRR 5 4 BEARAEYMSCRZE T KB ASAT B AR MR be, 7™ F R0 DX B o B A N\ SR e -
X R R A TR AZE ARG ) S AMRBEREAT TN, 04 T RO B HEIOK P R IE B 3R

2. MRIEE*E
2.1. WARXER

2.1.1. BARMEHER

HRACHE X Mok AR A B X, @A ZR SR, U8, WRFRH. RIOE=EREa~ &
Hi 1980 4Ff) 3543.6 J7Mi inF] 2019 4Ef 1381.1 J3Mli, AR AEYFEFh I AR £ 7 B 1 1406.3 77 hm? 30
) 2347.2 73 hm?. HEj, SEMREEZENTS 2 2R R LB XR a7 8, S E&E KK
AR AR e B AN G B AR B2 A CRMA T .

LT A EALES, AL E NIbS 38°43'~43°26", LENT AL 118°53~125°46'2 [d]. iIL T4
AR AR, JEE SWAL. Wl SRR, SRR SR TAHEE . (LTI AR TR, 2908 14.86
T VPAAE, TTRBMEEIRHE “ONL—/K=H" . RtEEME, PiaEFag. ERMES R
TN PG TR, T 4 280 o o J ) Sy BT it . 30 78 Ry IR e, R, BRI SSERIE . )
WV R — MR R AT, SRR COLTEER Y o FEIL TR A AT AR A, Ll o s e T AR
MHD2=; FKRA =2 —; Kk, A XIS 8.1%.

TR L, K20~ 390 &. KEHomaitmAR. /. Jb=AJ7m b eg 7 LA E
WKSCRE R : WA G50k, BRGNS RAERM. WERE, WR-FE, Egbae, WA,
AR BT ILEEAREE, WIRECE, MR 1B E, BHRAUK. REMERAK L, K
WMIEER, KRR, @HEIFRP/NR sl 3 T80T RORR A5, BA TR E A 1T = RS
5, WAFEDH, Bt ARL, WESH. HTEXRENEN, SEHUSRHESREafES, H
FAEE TINRE, FEAMBK. LTAIEERHIY, RS T SRR R A BTN, 4K
= {F 600 mm~1100 mm Z[8], REET, A — €& EHE .

LT AN IRALE . SEF R, mHARTREEE. SNRREFEE, BHEEAT 28.7%.
e e PR 5 0 A G SR R AR ) B R SE O s o I HLIL 74 A T S A AR I it R e bR . A
% 2016 IR, guil, L TAPHE 400.29 AL, HAeE LSRN =02 —, AP IR
7 0.096 AL

2.1.2. NXXE&FHER

LB RRERE, HMEFRGRER R, 2020 FTEREa~]EAEE 12, BFLT4Eh
R B, A OV A B X 2R 5F X, AR AZIE L. BEE VLR OB — &k, T8 1)
2o R AN PR AR SEVR IR T IR H T 0L T 4 TR M R R RS2, AR AR A A i e

DOI: 10.12677/0jns.2024.121016 134 HREL


https://doi.org/10.12677/ojns.2024.121016

25K Fit

Bl an F KA —E P G X W T HAR &7 o LA B 7K Bt 3238 5 18 LR 0 AN A ek i AR
2.2. FEHRBREESE

RIGILTENE KK TR 4 ME AR a7, JATE S a7 Bl 5 & ARt
PSS LEARSRCRAE RS AT 07 AL M ) |, B8 IRIEMRAT R B R sl BUREY
FEAF I R = RIEWF=& x BRI TR FT A A R DL HES R 7 (AN ], FRATTmT B
MR 2548 T DS AT B8 R4 AIE LA S J2 5545 51 PM2.5 SEHFTCR[8] [9]

2.3. BiERKIR

231 ATEEYTERFBFEAFIABR

2019 4F, W THEMRE 2L H 24312 kg, QIJ7LHE, B E—FHK 10.8%. &L R R
F] O A AT AR EVIRE FE B2 LU AR UL 78 SE PR AT M 5 . FAR T 748 A m] YO8 W8 U & T ik 31 2700
Jit, FEFFHEAERL)N 2330 /it THFERIL 86%. HAF LR, Fkl. BEEIFIR RS G =02z —, e
BN, B TLEARH CREMEG . TR R IERME R A . 8BRS SR SRR, AR EME R R
FIRE S —P3 e, RARNE. 2R RRREIN#EAS,

YRR I T RAED G S R ER VST S, S G L T8 KIERHERN L T AR
PR, BIARLE. BERELL AN PM2.5 HEBUR A EE . SCE IR EARE R B A OB AR R s A 8] [9], W
* 1.

Table 1. Crop production of Liaoning Province, 2010~2019 (10,000 tons)
1. ITT4 2010~2019 FRAEM =& (7 M)

A U N Bk Uk GES HAtfER AR
2019 4 434.8 14 1884.4 97.7 0.1 3.4 2421.8
2018 4 418.0 14 1662.8 78.1 0.1 3.9 2164.3
2017 4 4221 13 1789.4 81.5 0.1 11.9 2306.3
2016 4 410.4 11 1810.1 79.4 0.1 132 2314.3
2015 4 402.7 1.4 1697.1 58.7 0.1 7.9 2167.9
2014 4 395.3 16 1385.8 57.8 0.1 14.2 1854.8
2013 4 451.2 17 1812.1 68.3 0.1 9.6 2343
2012 4 459.6 2.1 1615.7 68.2 0.1 7.13 2152.83
2011 4 461.3 2.6 1511.7 711 0.1 29.1 2075.9
2010 4F 428.2 2.8 1251.9 63.7 0.1 28.9 1775.6
232. BRI

TR AL AR RS R B SR B B LR R SR E R, LTt MRRERE, KiIE
PR BEE 5, ook FoK okl R ERMEIA 5 48 1 80% A, HR AR AT RO R IR
2o BRI TR A EAWTEETE DL AR P B AR, RAT SRR A AT, R
FEAEB AL THREAT P A e B S LI 22 A A 2 BEAT SRR B ATt T . BB B, AT SRR AT B2
PRI A LA A 2008 £ 1 B A sl SRR (N AE o A AR VR R PR 5 1 e B ARG 8 e 0 A
Wroess, WAL RPORAE THREAZL, BAEE A RREREBRILRER. PPIED BN E
TR E A o IF H Ay P A AL IR 42 18] [9]. B4 HUX T AN A A A E P R EA [F) HAT 54
PERTFURARD, RIS L R FE AR b, I 2,
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Table 2. Ratio of grass to grain

2. BNt
1E9) FA
IKFG 0.9 1.3 0.6 1.2 0.8 0.7 0.6 1.0 11
N 1.1 1.7 1.4 1.3 0.7 0.7 1.4 1.0 1.1
BB 1.2 1.2 2.0 0.9 0.9 1.3 2.0 2.0 2.0
HORE 15 2.9 2.0 2.1 1.3 1.0 2.0 - 3.0
g 1.1 1.6 3.0 31 35 55 3.0 3.0 3.0

AR ES L TFEH I T T R X A6 RAED R, HOES A KRS 0.9, /I
1.1, £k 1.2, w15, =11, HAED 1.0.
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Figure 1. Straw production in Liaoning Province, 2010~2019 (unit: 10,000 tons)
B 1. TT4 2010~2019 SEREF =S (BAL: A TE)
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Figure 2. Amount of straw incineration in Liaoning Province, 2010~2019
(unit: 10,000 tons)
[ 2. 2010~2019 FiT T HTEFFRURE (R T IE)

3.3. FEFFEER PM2.5 HEl R

I HT SR PR AE Rl TV, TH AR L T4 2010~2019 AR PM2.5 HESE . HRE 2 BTN
M 2010 2 2019 4F, L7 PM2.5 SHESE 2N ETHES . 2010 45, PM2.5 SHEBE N 44957.31
W, BEEEAERG N, 2019 fFIAE] 62556.00 M, K 39.14%.

WAL T4 KE, W 3, 2010 4£~2019 I T4 1) PM2.5 HESE IS 2 BTG, (HiT JLAF
T TR MR B K PM2.5 26 BT

FHOL AT AL, S FE A A e = AR 1) PM2.5 W] D4R H O 748 RS FEAE oe HR i PM2.5 ISR A AR 1) X 5k
PERHIE, S5 4HBHERRHEIE S 5.

LT PM2.5IRAEE R M. IR, &F > KF > FF > ZF, HHFEG 11 A&m, 94
WAL, L TE PM2.5 WKL 58 H AR SR R A At R IR 5 O R %) .

MRAEA BT, X FEAT AR e R % 2875 B LA RCHEUN TR AR A 1) 4 A stk e 1 A [ AL i A 4 &
FEF R HE S 2 B R ERI A . 9 2 5 A db A A e B E E By, 11 A1 3 A4 il 24k
HREFARIIEE . LWERF &L T8 B CIHHE SR B SLhais ol .

TE T MRS R e s 0 — 1 H B IR 2 G, WA IMAE AR A RS AT A el S - B4R /e 3 L 4

DOI: 10.12677/0jns.2024.121016 137 HREL


https://doi.org/10.12677/ojns.2024.121016

ot

S

AR 10 B, iz X & E5E Bt B B 1) 72.6%#0 (X 3 A MG, b E R A0 Hh X 1 A R A i
(ZEAT, BT UIRE 1L 744 A BeRE 5 0 =y W T2 1+ H [10] [11] [12]« XA X RS FF A be o A 2 T 69.3%.
N FOREERAEVIAE 3 A 4 AFFURIHAT IR, KRR rREAT LRI 2 T8 ke, BRI AR b X
1 3+ 4 A IS AN REFT S Rl 1, A E R R 62.56% [11]. [FIR, BT REdbvk St
AR, 3L T R R R E R AAE 3 Ao

7.0
6.5

6.0 u

/ _/"'\_/ |
N e

4.5 L]

4.0
20104F  20114F 20124F 20134 20144F 20154 20164F 20174 20184 20194

Figure 3. PM2.5 emissions in Liaoning Province, 2010~2019 (unit: 10,000
tons)
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