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Abstract

Through the box model-based macro total control valve (“A” value method), this study analyzes
the seasonal variations in “A” value and environmental capacity of the four pollutants (SO2, NO.,
PM;9 and PMz5) in Guiyang city, using ground-based observation data from Mach 2015 to February
2016 provided by the Guizhou Meteorological Bureau. The conclusions are as follows: 1) Seasonal
“A” values are 0.75, 0.61, 0.64 and 0.59 in Guiyang for spring, summer, autumn and winter, respec-
tively. In contrast, the annual total atmospheric environment capacity was 100.1, 19.1, 55.0 and
26.3 (10* t-a-1) for SOz, NO2, PM;o and PM; s, respectively. 2) Seasonal atmospheric environmental
capacity for all pollutant reached the maximum in summer and reached its minimum in winter.
Among the four pollution factors, SO; has the largest environmental capacity. 3) Among the four
removal methods, wet deposition is the main one, while dry sedimentation and chemical removal
accounted for the smallest proportion. 4) The uneven distribution of seasonal ventilation and wet
deposition time is the main factor causing the difference of atmospheric environmental capacity in
different seasons in Guiyang.
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AXFHBRMNESR R RIRAK20155E3 5 ~20164E2 5 b E IR R, ETHERE 208 B2 R
(AEEE)XT 5t BH b X 245 AME A 53 BH T B P V5 440 (S02+ NO2+ PMyoFIPM, 5) T SR 5E 5 B HEAT 1% S
. HMRERERYW: 1) FRHATEEKKLAEBSLH580.75. 0.61. 0.64. 0.59; SOz« NOz. PM;ofIPM;s
KRR RS EBARESHN100.1. 19.1. 55.0f126.3 (104 t-a-1). 2) FEIBEEYFEFHAKHFEEE, B
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1. 3]

KA NE AL DEFR M — REABEEERENFEFAMARES REABZEFR
RN, KBTS SR KA 1], KA AE BRSO Hir A B A A R
S B R OGP LA R AN G S B ) B X R RS e ) R R R [2]. ik
Sk, FEAE RVE A TE S Y E DL R, ST N BN A AR 2, Ta R IX 32 B Tl i
—, AR IR T A 7 ST G

KARREBZF TR KA R B T HAZC, AT 5 ZAG FAR 0o 22 YA Ul ik g K2k
il AR R — PR (AT PR AR T S AR, R R AN X A 1R B R AN B AN R AR
SR, FAIRANFETI 2 ) 3T AR S E T, VU B XSy B e (3] EAR A {72 T AR
HRHER MR, EATE BTG PP T RIE A 8 M 2RSS T BT S A R . BRI
FE[4]555E T AR A BV, @I CGREERZ M PPN AR 5 U A EE ) (HY/T2.2-93) 1 FR & )2 B B (Hi),
HXARFRRSTREE T A B RFBREIATBIE; B (e iy K75 G H s v (5 R 0512
(GBPT13201-91)H 45 Hi (1) & Hu X A B I HUE G BB R, B8 T A ERAFRRIE 232, FF DA 8 AR
TRAUEFTVE A R0 A MR A % #EE ST SR AL SO, MRS A & AE, 2R &
HHA 5 e — X K SR B R AR A A-P L. TAUEREGRM L. ERSRE[6)NH A {Hi%
HHETHIL =M AR AR, I T SR HER IR . Tk 2855 725 0= 8145
FIF A L 13 BT DL 2T % X B R B S R R A . 8IS0 A LTS
TFYIRHEBOE B, 0 A IR T S0, R TR A-P VAR R, A T T RGO R

ASCEER B VE N T R, R 2015 45 3 H~2016 4 2 A —BER IR AIRERVIR,
A {EEXTSIRHTT PMys. PM,o. SO, Fll NO, 5575 Jud H AZ=5 R R AR B TIZE,  FR0 HAF
RHAT oM o TR B T It B BH 1T KSR R BN, R RE N DX IS B e v K 05 et
RS %,
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2. BEESMRXIEER
2.1. BUEXIE

AR G N B R 55K B SN A S5 R (106°72'E, 26°58'N). HuT S R B, I E /N X
W, BoE. K. KR B EEMBENE, W5 #E g 5 /N O E 23 50 A6 5 E 08
By 11 B 14 0L 17 BEAT 20 ). AT E UCNEZEG~5 H) BZFE(6~8 H). BKF=(9~11 A)F%
Z(12~2 ).

2.2. MREEHIL

BMIAE 51 BHTT & T ML PR IR TR AN B U, W AR R K eI, SRR 77%, AR 15.3°C.
BT X S TERLA 8034 km®e MRS (PR N RIEAE RIS Jepiiaiz) [10]. (PR AN RILMERE SR
JEARE) (GB3095-1996)  (IMEE i I e X Kl 73 R S5 E AR D (GI14-1996) [1115532:3 S Anite
MIRLE, —RIFEE AR EDIRE X248 H AR RS X R 44 P DRI A 75 ZE R R AR B (B IX,  [R] BF R
HIHRARANT 4 PO AR XS HTTHAT XIS 25, KEEERILARE. 1R S MAZ R X
AR WA TR PRI A — 2R IREIX, BARR— RO X ERIE 2% £ 1 A 4 kn® IR IEH A
FNSR BH T AR BEl R o 28 ThRE X o #EIT 4 km?® (O— 2RI RS X R TEIAN 191.72 km®, 1] 2R3 g X TH AR
9784228 km?, 3 il B AT X TR 2.3%F0 97.7%6
Table 1. Area statistics of a type of functional area
1. —LIhEEXERLT

K BRI TERF I (R X BT A
TR (km?) 4.26 106.26 81.2

5

3. MiRF*
3.1. KEREEITH
ASCEIE RIS R RS ZE M KA BT E BT 8 S5 AR I 2 R A BE {65 A
i AL, AR THE Ik S KBH A Ay o
hy = arcsin[sin@sin0'+ cosJcoso cos w] )]
Hrps)F w A, AR
w=15x(ST -12) (2)
ST NEKFARS, AXAIF:

ST = hour + min N lon —120
60 15

X B2 18 BRI 70 XIS B AL T [F)—IF IX, A [R] X 33052 K BH e B A RS R /DS, R SOR min B0 A
AT, RFEEA:
h, = arcsin [sin Dsino +cosDcosocos(15+A— 300)] 4)

3

X, ho KBRS @ MM SHIEEEL; ¢ WINREAT I B E s 18] 2 W k2 o JuR
FHAREE, HtHE AR
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o =[0.006918 —0.39912 cos 6, +0.70257 sin §, — 0.006758 cos 6,
®)
+0.000907 sin 26, —0.002697 cos 36, +o.001480sin390]x@
T
XG0, =360xd, /365, dy N—F P HBFFE, HKION 0. 1. 2. ... 364,
i B v A DA B S % AR 5 B A5 0 2R B R B AR ST S 0 (5 2) S5 A R FHR T S AN
T 10 K RUGE Al & KR BEAE (R 3).

Table 2. Solar radiation level

2. KIRESTFR

e UNLEE AP E 2

PSSR v iy i I h<15° 15° < h<35° 35° < h<65° H>65°
<4/<4 -2 -1 +1 +2 +3
5~7/<4 -1 0 +1 +2 +3
>8/<4 -1 0 0 +1 +1
>5/5~7 0 0 0 0 +1
>8/>8 0 0 0 0 0

Table 3. Atmospheric stability level
F 3. KEREEFR

A pNEE R4
i TR (m/s)

+3 +2 +1 0 -1 -2

<1.9 A A~B B D E F
2~2.9 A~B B C D E F
3~4.9 B B~C C D D E
5~5.9 C C~D D D D D

>6 D D D D D D

32. RAEEEHER
fE ERADHIE 1RSSR )G, WL FITNRENRE R BT 0 K 5. e AR E
PR RAEE T, BERARERZ N Ay By CHID I,

L =2 6
7 (6)

WG, TEREMIRAEZMT, MRS EHE N E M F R,
L=b, x\/j? %)

R LNBEERE; wo R 10 m & FFRGE, KT 6 m/s ’HL6 m/s; ag Bl by WIREER
o ag M b BUEI SA20E FEARDS, Hord ao BUEFIFRE FEXT .40 504 A: 0.073. B: 0.048. C: 0.031 fil D:
0.022, i by BUEAIELE BEXT R0 5 E: 1.66 A1 F: 0.70; f NHEESE( £ =2Qsin®), Q AHuEE fyk
FE, BUN7.29 x 107/s, @ RN A 2 7
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A EVE G T3 X A AR 5, FL U R S 1o B L ) DX A B T AR L rh % D BE X R T
DA b A IR AR K, BERE AL S a2 U X e VR e A B2 DI RO B 0 H AR
{6, A3 T RO AR AR 2T SR B R L L B A . A E AT ROR E KR MR B A A ke, A
PHRTE S WO 5

34. FNASHRETEREHE

T2 B IR S5 miAn 1 il e Hho7 K05 B HE SR I E R 7515 (GB/T13201-91) [12]9, #ilw K<
15 B HE U B I B 7 AR AR Y R SR AR R HE 5 HH (0 2 s s e . fERX MR L, BRIk T
R A A TR R FE AT AR OR N
q,0%
uH

XE®)H: C NHWREZ N TR (mg/md); g, AR AL 2858 (mg/(m*s)); - Ax TR )3
FKE, B ms u AXE (/) H, T RS & (m).
WRFBEET . BT KA AR, AR5 R T 2 IR N -

C=

®)

a

uc, +

c= " ©)
H,

[ud +w,. R+ ‘ij
T,

c

u+

H.

RO g, AT REVHEE (mgm s ™) N TFRIRHE(m/s): H 7550l B m R, RS AL K
TR A 2 JEEE (m)s ¢ A3 b R E N A8 P 0 K005 S AR R T VK 3 (mg/m) s g 9 T RS P (/s )5
RNBEIKE s Ao JIRENIBURK EE(m)s T 935 GMRALI 5, T, =T, /0.693 5 w, AT BELL(EEAE),

—MEUE 1.9%107° .
URLA € BT YK B 25 T KAV B IR B PR HERR [,  Eys ey = 52 ae K, 84 (9)=nl i fs
FOVFHECR 5 N -

(”H" tu,+ Rj (10)
qs =Cs T ud wr
Ax

BT S, HAE BRI

av=22 (11)
Y
FEFE | T IA Y, Fo Vi T HE S e e & A -
0,=q,-5T (12)
= THOS—4, 4ia(1D~(12), Af5:
0, = 3.1536><103@\/%#4—3.1536><ch(% +uw)+CSS><0.639X% (13)

1

2

K(I3)H, O, MHLLA 10*a: v, FonilBRE(m/s): R FonERKREmm/a): o N5 RYETIRER
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PRAE PR (mg/m®) s w, NIBUIFRIE R (m/s);  w, N TUIFER (). AR A0 HEE— TR NE Y 8
BRI 56 UM UUREARITEIERR I 56 YU F R A TE BRI

PSR EIAT IR, FRHCH 3.1536, 15 RZEE N &F N HIREE £ REEEES) R
5T RKH)RMA .

0=—"_x3153 (14)
365

A o NFEWRE: ¢ ARFETIRE, HABHEFMEFHRN 92 K, KFENI R, RN K. iHH
T RBUE L 4 P

Table 4. Seasonal coefficient values of the study area

F 4. MREFHEYE
AT & = K

FHE 0.79488 0.79488 0.78624 0.7776

®

35 KEMERERE

VRN B KA YR Z R I E S, WA 2 = B RAE S R E 7 10 E iy #oa
Flo HTEIRE, ROERGEFMNEmW, FEENEET A @HTHE. ErESRENRGEP
By ERT, B AL [R] Ik BIVR A 2 B s PR I B ECP 8 AT 5. AT -
n
1
X, ATIREZEREE, b SN BIRE ERTE.

TR = E R sk, RSB E R 5 ANBHRAC SR (] 08 By 11 B 14 By 17 BF. 20 BY)
RGBT 7. B 1 8l TS Hm ARG ZE @R B394 . i b mr DUR BLY
ZH VPR E R R R A A AR, BEENIREGEREE 14 HIARITE, BRI R &,
MAKA RS E RS RN AT EE, WA 17 5. ok, BHLEAZTE, HEMNBAZREERRK
N BN, HERERMREGZRERAE, SFMNRM. £F2 NN RENET, MZREZER
FERUK, AT RERNNHBEG R TCEREEY B, RIS R s R, XM R T4
TG RIIRER R — D FEEFEF 2 —.

RKARNZRERGARKFUREESEBMA— N FEERR. BREREKRIZL LRiRE, 3+
HiEH )z 2 WiR A, HumiiRss, BUEREREER/N: P2 )E, K4S mEE BT, K
SIZEEIATREEER] T — RPN m s, G s ik 2] 7 st e E, B AR RS 2 & B
IV

[FE, N 2 ER A2 A 0T 3 RO T TH

h =

(15)

P P
U, =u, (Z_zj ,Z, <200 myu, =u, {ﬂ] ,Z, >200m (16)
Z

Z
KA6) T, uy AEEEGHE z) 0SB sy BB 2, B ) S, A 2 B 10 m, wy A 10 m JRUE,
o BURA E R RN mis; p AR E S
TRE 2 5 T35 KGR AR 40 SR 5 VN
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Figure 1. Daily average change of seasonal mixed layer height in Guiyang City
E 1. SRmETRESESERTHELE

| 1| 200 z Y H; 200"
u:Fi.[o u(z)dzz;l{jo “10(5) dZ+.[200ulo(Wj dz:| (17)

A, wio N 10 m ARG RGEE, FAA7 m/s: 24 RGE KT 6 m/s BFFEUN 6 m/s.

BT A(16)F(17) 7] LE H R R IX KRS E W2 A 47 715 X

p NHIREEEERE, STPHTT BT R %L 0.4,

R4 T RS E3H A FMDY (131U, tHESFW AR ERN, FEUSEEF
= A IR RGEAE BIECE 38 5 B AR, R AN

3
1 1 1
+ +

u H_, uwH, wu,H

(18)

Vg =

i+l

B, w NEFARE 3 ARG EARFEms); TN 3 MRS E . R EE
A, AR BT ETREG E A OE R R Wk 5 MK 6 R, SRR NEETE
RAFMZEAKR, KFRZ, ZFTRD.

Table 5. Ventilation volume in each season of the study area

x5 MAREEFHRENE

e # = s S
it R 1060.702 866.4104 920.8849 854.1774

=

BISC T—5, 230 3~6 BT MBS IR RO R &
A:aﬂdoﬁq%%fJ=L13A (19)

b, a AT, R 4 R R EEAT N, A AL 10% km®/ZE . i1 T IR E M
AR, FEBERAKR, FEEFN A HERBOVRE. X A4 EIFEER N RIS,

DOI: 10.12677/aep.2018.86069 564 IS RI R


https://doi.org/10.12677/aep.2018.86069

D 5%

Table 6. Statistical A value of each element of the study area (104 km?)
* 6. MIRXEHEERGIT A {E(104 km?)

=8 # = K %

WRAJZE R (m) 643 575 564 515
R 1.655544 1.506421 1.632781 1.66264
BEEPE(==s 1060.702 866.4104 920.8849 854.1774
AfH 0.747205 0.610338 0.641661 0.588639

4. FHTEBAENESE
4.1. EHEAKXSHFEREGESIEEY SUERIN)
ST HEAT XRG04 AT 7 ARk BEBRAE (R 2, BT LA A R (13) 08— AT T 5
n S
- fad 8 20
0,=42, ¢, 7s (20)

A, A4 EHREANFEFENE: S AMNPFAXKER: SAMAXIKEIR: c,=(c,—¢), ¢ HK
UGB IRFAERRE, o, WASIRAEIRSE, RIRMEIIEARZ 25 RV oL, b3 o s MR
B R AT I IE AR . — ORI — S ) X AR R EL VR BE B Ay — SRR AR BRAEVR FE ) 20%, 1] 28 4%
1) DX A TR ABLVAR PS8 HUAE N — R A AR IRAB IR FE 1) 50%

R CAEET st EARE) (GB3095-2012)H RLE, £E—KIIHEIX H1 SO, NO,. PMjg. PM, s A
SERIREAA N 0.04, 0.02. 0.04. 0.015 mg/m’ 7E ~ZRIhEEX A 43514 0.06. 0.04. 0.07. 0.035 mg/m’.
WX F—RIREX KL, ¢, 2518 0.016. 0.008. 0.016+ 0.06 mg/m’ X T = KIhFEX KL, ¢, 77
40.05. 0.02. 0.05. 0.0275 mg/m’,

e n XN

0, = A><[O.8><csl ><%+(cs2 -0.5xc, )X%} (21)

KQDF, e, A BEERRMERE, ¢, W_HIERREIRL . S H Sy 735108 R 2RI BE X HA .
WA EAIL, EFE, ST AR B A =R, A=A, SO,
A PM o FUEEA B B0 KT S5 AN 5 5, I HU 0G5 Qe 7 AR AL 3L . & TR ACK
AABIR B (Y BUR BRI TS R R 7 Brs

Table 7. Basic environmental capacity of different seasons in the study area (10* t-a™")

7. MREXFEFEFERFETE0 ta )

Zi % 2 S %
SO, 3.294357 2.690921 2.829021 2.595255
NO, 1.358658 1.109789 1.166744 1.070334
PMio 3.319929 2.711808 2.85098 2.6154
PM, s 1.817011 1.484184 1.560353 1.431419

4.2. FHTEDR

TEXTZEAT YR IEAT 15, SOsv PMyg. NO, ETUTFEHE R 75 & 0.346~0.354 cm/s.
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0.4395~0.440 cm/s\ 0.0693~0.0707 cm/s. HIT PM,s HIRIAREUN,  HARAIVIRERCRARIG, P MR XERE

PM, s FETUTRETT I R UTREREE o IEAh, PMys M B A%, R Ed, AT PM, s TR

HEERUE N 0.25 cm/s. 34b, RUONAEARIT X3, s A R SR ABA 5 Ge ) ) F-I0 B S P s AR, BT bA

FEVHEAR R TS SR i, W S AT R AT HE TR, TR T I AR, HY

FETPURE IR Z ATV WA = AMEAE T, B ECHE R [RME, 437028 0.35 cm/s. 0.44 cm/s. 0.07 cm/s.
TR F A X F

QaZ = ai XcsSiud (22)
o a, BTN, ¢, 915 e PRI B ORI, S, A BB IX T ug IR
BIFAR:
0., =a,x(c, S, +¢,, 8, Ju, (23)

wn#e 8 Por, SeXAFEZTENHATXLE, BT HEEFNEMA, HASIME, R FSTE%
P EE AR, A 2 A 2 R AR T B BRSNS JBEAT X B, PM o 52 T R T
KGR, T NO, WIARXT e/ o SIAMEZ M L, TR S+ AR

Table 8. Dry deposition of pollutants in Guiyang city in different seasons (10* t-a™")
%8 RN EEDESRITAMEA0 ta)

i % l B % it

SO, 1.319739 1.319739 1.305394 1.291049 5.23592
NO 0.17881 0.17881 0.176866 0.174923 0.709409
PM,, 1.946792 1.946792 1.925631 1.904471 7.723687
PM,; 5 0.551161 0.551161 0.54517 0.539179 2.186672

4.3. F15EPEIR

FEF(13)H 1) B8 = ORI R 1) v 2K
O, =a;,xcSu, (24)

FETEAT TSI 75 200 [ AR AN S5 G A b AT T 5, X RERRORA T =, 558 H K(24)
TR, AERA w, F owrx R BT B e, wr RTEVELL, TCRMNE, BUEA 1.9 x 107 1 R 5%
R EKE, A8 mm/ZERE, X HEETRITE -

0,=aq X(% S +e,, S2)>< wrx R (25)

A5 R 2~ A -
0, =3.1536xCs xS, xK, (26)

A ke, RARABUIFEEE, K, =axR’; R BT TR/ TIIFRKE: a M b XS Z=7 [ AH RN 2
WHRE, SO, MRS REAEHFETN, a F b 43724 0.036 F10.530, HZFH 0.14 F1 0.12, FKEMPHIR
HEHEFME, 4£Z=H0.009 F10.700. FH4h, EiHE NO, B UTFEZRE, o F1 b BUEH SO, 1 1/4.
w7 9 FioR, FAKHEZEINEITREERENAHIT, Wl TRKRERER, BRI Rz T
FANZAZETT, ZFMWNT A =AFT5, SO, MBI S HE KT 5 5. PM,o FITRITRER N2
BN 15 65, &0 9 5. ARG, SO, FIBUIMRRE, HAEREFRAWE, SO, it
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WS T S S R Se. PMy 5 1 PM o 525 11K B I R/

Table 9. Dry deposition of pollutants in Guiyang city in different seasons (10* t-a™")
#9. BT EEHESLEMTIMEEN ta)

4 % 2 B % it
SO, 1.319739 1.319739 1.305394 1.291049 5.23592
NO 0.17881 0.17881 0.176866 0.174923 0.709409
PM,, 1.946792 1.946792 1.925631 1.904471 7.723687
PM, 5 0.551161 0.551161 0.54517 0.539179 2.186672

4.4. FHUZEFRM
TEXSHL 2SRRI, AT Je X Btk st AT HERR, R Xt SO, A1 NO, PRI T R, THEA R N:

H,
Oy = @, %¢.S,x0.639x -5 27)

1

KQDH, o WEFENNNRE, H AR X BARZTEN RREZEE, B8 me Ty A5G
W, T SO, KL ZEIAN 10%s. NO, FIPEFENIN 7.2 x 10° so HESE A1 10 i, SO, Ik 2435 15
B NO, KKIZ, H4h, BEEREENR X R EERRN R, S8 HESRLEERTUE R
e, AN AR . I B L NO, ## SO, AR A B/ M £ .

Table 10. Chemical removal items of pollutants in Guiyang City in different seasons (10* t-a™")

# 10. ZIEHEFHESRYUFEERDTN(10 ta™)

et F " ZiN &S it
SO, 1.549286 1.385443 1.344168 1.213899 5.492796
NO, 0.145772 0.130356 0.126472 0.114215 0.516814

4.5. FINFERELE RN

e P B DURPS BRIGEATIC S, SR FW R R RSB R &, 45 R W% 11 P, @it
ARG RYBAT A ORI, FREK=Z, ISR CHRTIR N T ZE RS, AN DMERm Y ooy 2
i@ it. JFH T SALMBFER A B2 &S T HAM =T, PM,, R, “HAMNERRM. XARZFEFME,
THALEL . PMyo 1 PM, s IR ZRIERRE 2R IE S T HADZS, JUHRER T4, M SRR
2R A AR P52 U B Ay = e Qe B

Table 11. Total atmospheric environmental capacity of each season in the study area (10* t-a™")
F 1. FREEFHASHERFE(10"ra )

IEER B EAMEAEE  TURFE BRI E WHERRI SRR FOMEAR
# 3.294357 1.319739 11.37797 1.549286 17.54135
- 2.690921 1.319739 53.97236 1.385443 59.36846

SO, 100.0992
& 2.829021 1.305394 11.76598 1.344168 17.24456
% 2.595255 1.291049 0.844672 1.213899 5.944875
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* 1.358658 0.17881 1.926984 0.145772 3.610223
=] 1.109789 0.17881 9.140815 0.130356 10.55977

NO, 19.1353
#* 1.166744 0.176866 1.992698 0.126472 3.46278
% 1.070334 0.174923 0.143055 0.114215 1.502527
# 3.319929 1.946792 9.538086 14.80481
B 2.711808 1.946792 15.7256 20.3842

PM,o - 54.92909
K 2.85098 1.925632 8.734963 13.51157
% 2.6154 1.904471 1.708637 6.228508
# 1.817011 0.551161 4.752617 7.120789
=] 1.484184 0.551161 7.835719 9.871064

PM, 5 - 26.27179
K 1.560353 0.54517 4.352439 6.457962
% 1.431419 0.539179 0.851376 2.821975
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Table 12. Average atmospheric environmental capacity of Guiyang area (10* t-a™")
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