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Changes in the PM,, concentrations of air near the ground of farmlands in spring

WU Ya—tang'?, WU Jian—guo™, WANG Li'

(1.College of Forestry, Gansu Agricultural University, Lanzhou 730070, China; 2.Chinese Research Academy of Environmental Sciences,
Beijing 100021, China)

Abstract: In order to improve our understanding of changes in the PMo concentrations of air near the ground of Chinese farmlands during
spring (March 1 to May 31, 2019), the PMj, concentrations and environmental factors of the air 80 ¢cm above the ground surface of
cultivated farmlands was observed in Sishui County, Shandong Province, China. Particulate (PMyo) samplers, automatic weather stations,
and soil temperature and humidity data were employed, and the relationships between changes in the PM,, concentrations and
environmental factors were analyzed via linear regression and Pearson’s correlation coefficient, curve regression, multiple linear regression,
and stepwise regression. The results showed that from March to May, the average PM, concentration was 117.06 pg+m™, with a range of
16.67~333.33 pg - m”. Additionally, changes in PM;o concentrations were significantly and negatively correlated and exhibited an
exponential relationship with wind speed (y=151.66e™"", R*=0.162, P<0.001), and had a significant quadratic relationship with relative
humidity (y=—0.48x"+6.14x-62.47, R* =0.103, P<0.05). Moreover, changes in PM,, concentrations displayed a significant (S—shaped)

5.00-5.28% 2
, R

curvilinear relationship with air temperature (y=e’ =0.089, P<0.01). In the multiple regression and stepwise analyses of the
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changes in PMy concentrations with wind speed, air temperature, relative humidity, 5—cm soil temperature, and humidity factors, the
effect of wind speed was significant (y=—16.824x, +150.420 (1, represents wind speed), R* =0.126, F=9.658, P<0.01). These results

suggest that in spring, due to the effects of various environmental factors (e.g., wind speed, humidity, etc.), the PM;, pollution of the near—

surface air of farmlands in Sishui County cannot be ignored.

Keywords : PM,q; air pollution; farmland; agricultural dust; wind erosion; Sishui County Shandong Province
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Figure 1 Changes in the PM o concentrations and meteorological factors
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F1 ANEBH PM iR E S FEE R Pearson tHX REL

Table 1 Pearson correlation coefficient between the PM;oconcentrations and environmental factors in different months

Ay JABE Ak A 5 em 4R 5 em AR
Month Wind speed Air temperature Relative humidity 5 ¢m soil temperature 5 ¢m soil moisture
3 H March -0.392% -0.094 0.431%* -0.131 0.093
4 J1 April -0.235 0.181 0.127 -0.027 -0.470*
5J1 May -0.284 -0.039 -0.131 -0.307 0.355
3—5 J1 March to May -0.323%* -0.052 0.182 -0.035 -0.059

A G RN TE 0.05 KT i A1 0.01 K- 2 . 3.4.5 A M 3—5 HARAKS 311k 28 .27 30 #1185,

Note : *and**indicate significant at 0.05 and 0.01 level, respectively. The number of samples in March, April and May and during March to May is 28,

27,30 and 85, respectively.

AL T FE 5.87~30.83 °C, PM,o ¢ A8 AL 55 iR 5L i
S 4k RE G FR (P<0.01, 3% 2) 53—5 H PR AHXE B
1 55.74% , 25 Ak 35 [l 24.33%~94.83% , PM o H¢ i 75 4k
SRR B R R BOE R (P0.05,5£2) 1
PM o V¢ JEE AR A5 A0 AR A 6 ZR B5ORn 2 [l )
KRARRE(P0.05)(F1),

16 3—5 AT A 63, 4 I b3 80 em 4h2s S
PMo ¥ AR AL 5 T A et AR . #E3 AL F
BIRGH R 2.13 m-s™, 2B AL TE [ 0.50~6.03 m«s™", PMy
e AR Ak, 55 IXUGE 1Y) Pearson A 26 RBP4 [R1H 56 £
% (P<0.05,3 1), 31 H PM, e 28k 5 XU 5 i

FEFRERBOCR (P<0.05, 4 2) 5 AR 11.10 C,
A AL T il 5.87~19.2 °C, PMyo & JE AR 4k 5 IR 6 &
BORNZAE 115 5¢ R AR 35 (P>0.05) 5 F- XA X B
M 51.43% , 25 AL 15 Fl 25.27%~94.83% , PM,o He £ 25 4k,
5RO T B A DG R ORI L M [ 1 O FR AR I8 B I K
F(P<0.05, 2 1), 1 H PM o iR & AR fb 5 0 X Bt 5
W E BB R R (P=0.01,%2) . 14 A, XGHE
K214 mes™, AR TE ] 0.53~5.37 m+s™ 5 AH X 1R B P
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Table 2 Nonlinear regression equation of the PM,,concentrations with environmental factors

H 1 Month ¥4 [ % Environmental factor LR [ 77 72 Nonlinear regression equation  BEE R R WP

3 H March KU Wind speed/(m+s™) y=155.45¢72" 0.168 0.030

3 H March AN Relative humidity/% y=230.56-5 142.60/x 0.230 0.010

4 ] April SR Air temperature/°C y=e>T 1o 0.220 0.013

4 J1 April 5 em HHERJE 5 cm soil moisture/% y=e! 07T 0 0.319 0.004

3—5 ] March to May K Wind speed/(m-s™) y=151.66¢"1" 0.162 0.000
3—>5 [ March to May S Air temperature/C =t 0.089 0.006
3—>5 [ March to May AR E Relative humidity/% y=-0.48x"+6.14x-62.47 0.103 0.012

1T v R 5 PM A I FRES AR B 3 4.5 A T 3—5 AREARRS )0 28 .27 .30 #1185,

Note : x represents the environment variable corresponding to PM,o. The number of samples in March, April and May and during March to May is 28,27,

30 and 85, respectively.

55 R AR RO A G R BRI 2 [T I O R AR
A E(P>0.05). FESH CFHXE N 1.71 m-s™, 48
fEFE I 0.77~4.67 m s 3R 23.21 °C, A2 05
17.80~30.83 °C ; F ¥4 4 X 12 J&F 52.50%, 7% 1k {5 [l
24.33%~85.87% , PM,o ¥ £ A Ak 15 KU AT AH X 1
FEAH G RBCFIZME B 2 RIA B (P>0.05) (K 1,
#£1),
2.2.2 PMo i EAR L 5 LI F R R

T 3—5 AARFE A Oy, 4 H i i E 80 em 4bZ2s K
PM oV B2 AR AL 5 1 R RN . 73, 14
KR EE by 8.80 °C, 22 AL [F] 3.97~14.37 °C5 1511
TR A 14.30% , A8 4L JE il 14.18%~14.50% , PM o ¢ Ji
A5 AL 5 - S B RN B A OC R M ) e R AN
BE(P>0.05), 14, HHEHIRE N 15.60 C, 48
1L 75l 10.43~20.67 °C, PM o ik A8 Ak 5 4 HE I B A
KRB RN X RZA B E (P>0.05) 5 H3EF- I8
B M 16.11% , 28 AL T8 Hl 14.26%~19.17% , PMo 1t 5 75
A5 1 0 5 I 2 R DGR S il £k RO &R (P
0.01,%2), 7E5 1, LIV K 22.84 °C, 24k
JEHE 17.50~28.13 C, 1 FHR B K 18.42% , FALiE
[l 17.78%~19.10% , PM.o ¥ J3 55 - 438 305 J3 R0 38 AH 56
FECNZME T X R A2 (P0.05) (B2, % 1)
1 3—5 FH 4 B A& T 3R 80 em Ab %5 S H PM,
WAL S LI F R AF . 7E3—5 H 8
Bt , L HE R O 15.62 °C, AR AL B R 3.97~
28.13 °C, L3R N 16.33%, L IL FHl 14.18%~
19.17% , PM o ¥ B 7228 Ak, 15 - J 0 B 0 5 AH OC R E5ORN
L 11 5¢ R ERA B 2 (P>0.05) (K2, 1),
23 PMWiREZHERBERFEEXER

PLAe H AT b 2% 80 em &b 25 S H PMLo IR B Ry R AR
i, DA O AR 5 em - SR R

H A8 1, PMo e JE AR 10 5 R85 [ 22 00 Bl OC R F
Bk (R=0.159, P=0.027) , {0 J A7 Kb i1k &
$(-0.238) % (P<0.05) (K 3).

Fi 25 BN AARUE (P<0.05) FEAT PMo ¥ 5 5 PR 15
K 32 25 181 5 43 B, BRI AH X 12 B2 .5 em 12 35
T BRI B R HEBR AR 4 (3R 4) , B XUk A% i F
AMERY, PM,o Y B2 722 A0 55 PR DR - S P [l U 5 28
y==16.824x,+150.420 (x, iy K , R°=0.126, F=9.658,,
P<0.01) , 130 B IXUGHE T PMo ¥ 2 248 A 52 0 3k 3] I 357K
F(F5),

3 g

3.1 RHEiE#E PV, HER

— S e B, I T A A PMLo VR FE AR AR OK
RA FRE B SO & B A IR X 25 SR PMLo - 4 3k
JE o 127.99 pg-m™, TEAFHZE 255 P iR B S [
4 30~450 g - m™ 5 F AR SFCILIN K B AL 5k X s
S PM P4 E R 136.50 pgem”. AT R,
5L E 3 2 A PMuo ¥R BE AR L, 76 1L 40K BB
22 (3—5 ) A I b 32 25 b PMLo R 4 85 (OF
BIE N 117.06 pg-m™) o BHETESHIH R XIS
H PMLo U B AR b, AR ST b 2% 25 S0 PMLo i
BT . X SR R 1 PM o R — TR A S
JepHE R Mg TR O, Sy — TS AR R
A H b 2 A 38 KUk g7 2 HE A 560
3.2 INEREFXIK Bk PM,HEAL M

A HH ST L 3 23 A PMo U A8 1k 32 35 e TR HE
i IREE R AR 2R A e I ARIIK B R (3—
5 )4 BT #1280 em &b 25 A H PMo v B2 U Bl 14 4
K (16.67~333.33 pg-m™) , X 5 K AR A
FE .5 em b SRS RN B R LR A R A G, FETS
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3 H March
y=—-3.632x+150.41 R’=0.018 P=0.499

PM,o e E

PM o concentration/(pg+m™)

0 IS N N N N T N NN Y NN T TN NN NN T N N N NN T NN Y T T T
1 4 7 9 1113 15 17 19 21 23 25 27 30
H ¥ Date
3501 4 A April 1
300 b y=-0.431x+117.22 R*=0.001  P=0.894
f}\ /<><>~<>Q b
250 f < g o ' o

PM,o ¢

PM o concentration/(pg+m™)

O N TN TN TN TN TN TN TN SN SN TN TN NN SN TN SN SO N S 1 F I T T 1
1 3 5 7 12 14 16 18 20 22 24 26 28 30
H M Date
00T 5 A May ]
o y=—4.025x+213.58 R’=0.094 P=0.099 i
= 250 <)<>x>
aﬂ 4 O <>
2 200 %0%0 0%
= J
¥2
= 150
=z
a3
= 1004
3
= 50f -
[=T
0 N I N N T T T T T T T T Y I T
1 3 5 7 9 1114 16 18 20 22 24 26 28 30

H 3 Date

- PMm - j:gg(ﬂ%ll}_g

5 cm LHEELE 5 em soil temperature/°C

25

20

5 cm LHERE 5 cm soil temperature/°C

5 em FHEEE 5 em soil temperature/C

Vellllk7 S =g REs -l S 39 5 5 8 A
350 3 1 March 114.6 §
E 300 b y=-92.237x+1 437.40 R°=0.009 P=0.639 145 E
E £
o0 g
Mg 250 144 =
Lg_é 200 o
XF 143 £
= w
: : B0 142 2
=] e I3
g 100 @
= 50 141 H
g
0 14.0 v

1 4 7 9 11 13 15 17 19 21 23 25 27 30
H # Date
350 4 H April 125

2 300 F y=—14.135x+338.19 R’=0.221 P=0.013 0
¥ 250
2
%% 200
2 &
= Z 150
=
S 1004
= 50
0|||||||||||||||||||||||||O
1 3 5 7 12 14 16 18 20 22 24 26 28 30
H # Date
300 1 5 1 May 120.0
; 250 | ¥=-33.627x-497.58 R*=0.126 P=0.054 {195
i
2 200 19.0
" ® 150 18.5
=8
2 1004 18.0
5
= s0f 17
(=W
0 Lo v v v a1 17.0

1 3 5 7 9111416 18 20 22 24 26 28 30

H 1 Date

- PMm -O- i%?ﬁ/rg

2 PMio iR AN T 1 F R T (U 4FAE

Figure 2 Changes in the PM,,concentrations and soil factors

R3 PMRESHERES TLEEIEPARESH

Table 3 Parameters of multiple linear regression equation of the PM o concentrations with environmental factors

5 em TR 5 em soil moisture/%

5 em HHERE 5 cm soil moisture/%

A5 Bt Variable FEpRUEAL I H R B R ATVEES 19 ey
4 Constant 106.420 0.271
K Wind speed -12.942 -0.238 0.022
KL Air temperature 5.400 0.313 0.125
X Air relative humidity 0.730 0.154 0.143
5 em EHEEE 5 em soil temperature -5.831 -0.437 0.124
5 em EHEEE 5 em soil humidity 0.678 0.019 0.913

L P55 o3 A AR AR E B 25 0F T AR X M), T 22 A PR S [ AR
R PMo ¥ AR AR F2 A Y (HOAN S e — D 15 AR 25 A0 Ff P Mo i B 47 IR i 126 e B2 ) 8 )
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R4 PMRESHERZES TERUERSMPARECHBRTESH

Table 4 Parameters of stepwise multiple linear regression equation has excluded variable of the PM, concentrations with

environmental factors

R IATVSES SA i

AR g Variables

i AH 2 Partial correlation FEZR 4511 17/45 2 Collinearity statistics/Tolerance

S Air temperature 0.020 0.815
AHXTHEEE Air relative humidity 0.115 0.281

5 em HHEREZ 5 em soil temperature -0.074 0.485
5 cm LHERIE 5 em soil humidity -0.110 0.299

0.020 0.960
0.119 0.949
-0.077 0.987
0.115 0.978

K5 PMoiRESRERZRS TEAMERSEERFTESH
Table 5 Parameters of stepwise multiple linear regression

equation of the PMoconcentrations with environmental factors

A E| R AT EES - G Tl AT VE By G
Variable B B P

H i Constant 150.420 <0.001

K3 Wind speed -16.824 -0.323 0.003

PR 71280, JRk 28 A 4 2 0 b 3R 25 AP PMLo VR
AAEET AR R AR B FZE(3—5 )R H
T Hb 22 80 em Ak 23 R P PMo 1 AR b 55 XU 2 i 2%
R & 8 BORR B 22 (P<0.001) , 53X 55 78K = i 45
Al Kim SFPF 8 25 A0 . BB E R RN EZ A R T
A I bib 3 25 Sorh PMLoF B 1. S 4h, 54 A RIS
HAELEE,3 A & HiE #3580 cm &b 23 5, H PM,o ¢ & 28
b5 R 2 2 A G RIHR SR BIOC &, AT REIR R 3
F A FH b Je AR 8 R R vy, XU R 8 B s Ak
538 Rk 7 24 PMLo HEJCRITUT Hs 2 80 em 4b 25 S PMo
W B AR A R R

AR R, ILARMK B FZEG—5 )R Mk
12 80 em Ab 73 S P PMuo iR AR Ak 5 AR 2R 56 R
FHARE . HZ, PM R A S 2k eR 5k
K RHIEF B E K (P<0.01), XA HE 52 S0
WGl G, EHEFERAAMET 5N, INARDMIKE AR H
T 1 AR AR AN 2 AR KA Y a2 2 I B G
T AR AL | T 3 H 2R R A R R T S5 e s R
Bl KR E B,

ST & B, 25 30 P Mk AR AL 5 28 S A
M Pearson 1EAH ¢ R BOR 2 8 K, ARBESR R
B IS MKEZE (3—S5 A ) A i #3E 80 em ib a5,
o PM, o U AR AL 5 A8 SR IR pR B R A F
K. XA RE KRR PMo HLAT W B A
S22 S PMo e BE 38 0 T 85 1 B R A
A H AT HiL 32 25 S PMo B8 5 RN R AZ , DA T i 25 < rp

PM,o ¥ B T 55 CR B A DTRG0 T ) AR 28 2 B (e
WU 52 BRSO 6 &R, TR T VR B B K I PMuo 5 &
A TR UTRE il 25 SH PMLo R BERE AR, 59 40 AR 5T
R, 54 A RS AAE, 3 A 4% H T % 80 cm Ab
255 PMoo % 3 78 Ak 5 00 o) 1 3 8 I 2 47 A O g
BREC R (P=0.01) . X ATRES 3 1 A0 A1 Al
T NS AT HR BRI B R R A %

AR R, INARMK B FEZEG—5 )R Bk
H1 2% 80 cm 4b 25 S PM o ¥ AR AL 5 5 em - 3ETR I
R RBOMEMEMIH S REA R 2. Xvhe S5+
T BE A AL RN AR B A O, BAR 3—5 A
i Il T B T A — R BG n  ARATS Ak T B
JIT LA A% FH T 2 80 em A 25 S Hh PMLo W JE AR L 5 5
em 38R AH 56 R BOMEAE [0 1 6 R A £ 5]
FEAKH

ARG e R A S R A v ol - B RO 2R DT A
KIS, 3RO 7 2% 1 K ISt fEL VR FH B sk R ) Fn sk
RV A G 9 A A7, DA 00 il e T A 3 XUy
P A2 ORL ) HE . ASBEFE R B, AR K B A 2
(3—5 H ) 4 H T 2% 80 em 4k 25 S v PMo 96 5 725 1k,
555 em 500 BE AR G R B L AE [ H OC R ERAS
F o XA AR N 2 S0 PMRL AR B, 3t K
I L R FH RN 2 Tz 5K 7 S B 58 00 24 o) T /N 4%
DA . T AR, 53 A s A A
He, 4 H A T b 26 80 em Ak 25 S Hp PM o ¥k B A8 4k 5
+ IR 5L R OGN S Hh 4k R BE &R (P<0.01)
XA 4 H BRI 2 S 8 R AR 6
3.3 REAEMEPM AN ESREEZN

F A I A 32 KU A7 2> PV HE P A i 126 B
I, o B X kT X3 R P Uk LA —
M TTHR . Ge SE U5 K BT L HL T8 b DX+ 48 XUk
Bk R AN B RS AR E ML R
R 2 B G ) R 4 A b 5 2 R R vk
S0 DA P ST S A 28] 1 i 5 AR B B AR, L 2 B5A
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H AL I A DL ) KA 2 Hirk I 7E 1
km PLF 5 Zha S5 [0 J5 38 sh 0 40 b7 7 5 b
PM,o W J3 i 3% B A2 HE A7 430 A1 & BR, 2003—2009 4 &
52 A N S PG R A R A I Rk
PM o 125 $5z 1 5 58 1 S5 2ol R b XUl B s 54 2
Xof 358 T 25 A IBURL ) S 2 30, PM o B2 20 f X 4k X 25
oh R4 - 24 TTHRAE M 41.45 pg-m™ . ABFRE R,
HERETZ NE LSRN FLEAERTT A H 3K
A7 2 X 28 A PML o MR A — S S

T AR W AR K B AR 2 R AR T H 3% 80
em Ab 73 S R PMo R B AR A I 2 Fh IR EE P28 A
FAAG 25 3 o 4 00 2 XU X 7 2 o O b e 25 <
PM o ¢ AR AL S MR 5 K T W T e A, — Tl Rk
338 KA 3T i 3 25 AR PMLo VR B RRAI, 57— T Tl XU
H A - 398 XU 2 RN v s 1 22 i i T b R 45 R
HPM MR 2 0 BLAN, B D D 25 2 IR H PMo
HE A 32 BEHHIAL A 2h B D7 20 Cln ik
Hi AEFP B 0 AR Fs ol 2 N AU S ) |
FEF 0 75 0 e o L % TR e P B TE 55 ) L 398 i b
(ML & i BDRORLE FRa e ML) VEYI 2RI 52
Wi, A0, AR i5 G M HE S AN S 2% 2 TR )
T A 3575 Y 2t X A FH T 3 36 25 S0 Hh PML TR
FEAELA R . X AEARBF IR IE S AETE— iR 22,
A  ARBF T HORAE IR K B UEFT T 2019 4K/ 2
NI, 4518 2 15 38 F T A ARy S I iR T B
RIS B . R s AR R A v ORI A 5 i
FRLES T A Tl T3 G X, %o O b 2225 <P PM,
W BE LI BIF T R 45 /0 o ARG T JR 1 L 780 A FH 3T
Fe 23 5P PM Wk AL 5 IR B T O R e BT 25
T, X 2 AR FH = 38 XUk 47 28 P HE O R AR 5%
R SRk 5 4R SR BB I — E M B Kk
XPAHOCAH S B — 2 S E

4 it

(DFEFRZE, IR WK B AR H 3 3 25 S PMyo
TGRS BAR o A LA SCIR T 25 o PML R BE , 4
T 3835 80 em b 25 U PMo i AR

()TEHZE, AR MK B AR H T #1480 em
Ak 73 S H PMLo TR B AR Ak 55 KGR DG PR B e, 5 AR R
MR U L5 em - I R R A S5 I R A9 A OC 1 L
o Al PMo e AR b 5 PR 05 R AR 2R Pk O R ik
R F K-

) HEFZ, IR K E A H T 13 80 cm 473

M PMo MR B2 AR A 527 JRUEE 1 52 A e K o

(DOTEHRR TENEZMAER FLAEITE 4
FH - 58 XUk 47 42 08 3 1 26 23 S0 PMLo VR B2 )7 A —
SEM o 45 o - AU 4 PMLo HE I, XA BE R R
PMo V5 A 2 o
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