5505

Eco-Environmental
Knowledge Web

24
ENVIRONME

2019

Vol.40 No.12 ‘
240% =128 |




w % B 32 %540 % 512 W)

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2019 4612 A 15 H

H  R(EBZ)

MRS
FORBERAA T PM, 15 eI RITURLE BETAE e eereseereeeres oo e,
................................................ KB GAT K ERE LKA, FE, T8, TRE, ZEFE E/IW(5191)
2016 ~2017 4E KW AEIL T R 450 PMz.sgﬂﬁfﬁf‘?ﬂ;&%?ﬁ\%*ﬁ .....................................................................
..................................................................... %@g,iﬁ&,gﬁ%,f/)f}1¢ig,i%,—%ﬂﬁﬂ%%,ﬂj%, Eﬁgﬁg(szoz)
SN[ R B B T 15 e AR RUK IS VB AR ARGy oo TR, XL R, X R, B g, A, W (5213)
GRS IX FBE AL PM, T4 B AL BT | TR G  ovveeeeeeeeeessesee
................................................ ?%iﬁ,@i@i,?&%ﬂi,ﬁﬁ'J?,%%%ﬁ,}%,Eﬁt,%%%,ﬁﬂﬂ,ﬁﬁk(ﬁ%)
[T 75 R T T RE L ORI T e evemeemeeeeee s Fesk e GBAEE L, TN, KE, FHH, BE, M E A (5234)
REANAE LA HEBRIE EIREERIN o eeeeeeeeeeees KA, W AR, X SR, BB = SR, P RUB (5240)
PR A VOCs HERCH BB GE L FIRALL  ooeeeeeeeeenee ik, B 6%, 3 Ok, A R ZHl &, B, T ARF (5250)
?ﬂféﬂ?miijiﬁFﬁJlXﬂLJE%ﬁ(QFPE%EL?%W%J@@Q%E‘J%ﬂﬁ .....................................................................
...................................................... ?fﬁﬁ%‘,%%%,?ﬁ%ﬁ,?’]‘iﬁ?,%ﬁﬁfk,5’&%?%,%%@‘,%ﬁiﬁ,’ﬁ:%%(5258)
OGS T T AR PP A AL 3 A5 DR SR AU ITA oo O, RARHE pE A A AR T (5265)
A LA B AR ) 3 5 AL B K PRI - eeve e KEW, 54, T8, 5440, B RE, BHF, HIB(5272)
KT B B B K B T AL 22 MR AT 5 RUBG AT <o ettt
...................................................... ﬁ@‘ﬁ%,?ﬁﬁ,;ﬁ?%, ]\ﬁ?ﬁﬂ,?ﬁ%]iﬁ,ﬂ]%‘c@ﬁééﬁ%ﬂﬁ,FE}%%}(,?&Z_\%(SZ%)
SRR FRBE S i AR S R AR S R RO oo WA, BEM, R, KIFIF, CHE, 75 (5294)
WA H K RS R ) B LRGPP - ovveroeeeeeneens A, TFe, 2HA, GRE,HE A, FE(5302)
U R X IR E AL AT B R A DOM R UA K2 ¢ TG GTEAFAE -+« e vmememeemmmeemee e =S , 2 %( 5309)
PGS T[N CDOM AL ZE G +eeeererremreesemmmneree s x| B, IME, X, FANR(5318)
PR DX BB B A0 /NS SRR R AR oo G L, X T TE, SR B, 7 9 BRI SUIR, SF AL (5330)
IS T ST i i ) 368 ] PSS SR SCARBL YR IE oo HLR,ER, SR, HAK(5340)
AN RUEE 0 7 O 8 BRI TR EE IR oo O, RUFF A, E A, R T, B SC#E(5348)
R B AR DA T AP AE SHIRBERE SL v BKE, A, IR IRER, F AN, HF(5358)
NIRRT AT AL VTR PEASy <oeeeeeeeeeeees TERH, ABE, KHFE, HEY, FMK, TEK, TEH(5367)
[986 To SE JE XS T T T RS ] B T T BT+« v e e e e e e ettt
.......................................... 2 CEAE BB, E,EY O E R E BTN, TR X E(5375)
S Ca* K AT 1 IR K T (AR R SRR R L v RAE, I, B, AR, 8 (5384)
PR (Alisma orientale) %48 L A Y HIMLCRIFE HRFAE WS ORI - ovveee EEE, UL, ER, R, EE, b E (5394)
SEA N T IR S RS AL BB 0 S5 T ARG SEE vevvrereerrrrereeeeneenennen Tk, E R4 B R ARE A, R YL(5401)
B BRI E U A1 TR TR BB AT L e veeveeee e A, AR, A, BHE, RE(541)
i%ﬁ%*@lfﬁﬁxﬁﬁﬁng&w#ﬁ:lﬁ%ﬁu@ ............................................................... Igj':\yfg , FE , ¥yl , 5 ¢ A (5421)
VAU TR L I LA R GTRT BRI T A FEMIBLIL oo oeerveesenssesnsssnsns EHE, T, ER, FR(5430)
lmgﬁ‘fﬁﬁg/ﬁgg%xﬁ SNAD TZE@JE@??“@ ................................................ $ ;3 , j'J ‘d\’ﬁﬁk , f?%ﬁ , é Urij , %{,7’?( 5438 )
FERE AR SRR R A8 BB AT VERE SR AR oo E, X B, X ke, B 06 B, AR (5446 )
Mﬁgﬂ%%xjmﬂi(T§7J(H/§‘L%ﬁ*j(§{ﬁ/%%ﬂg$2u@ ................................................ &=L , T , %é\iﬁk , ? Uri;y , %Z)E( 5456)
T EE AN R S WP THRIATIE VRGP A PERE -oooeeeeeeeeeeeeens AtE, AR, K, ERRE,KWHE, B XM (5465)
T GEE 1 1998 ~2018 AE T EEEE - HuFI AR 3 A S R GENR S MBI FEMA] vevvrerrnrnrnrnre e
.................................................................................... %ﬁﬁﬂﬂ,ﬁ”‘}ﬁ%,ﬁiﬁ, I‘ﬂﬂg’%ﬁ%i’%}éfg(5473)
FLT MDS 5 TOPSIS #AY A UifpAEDR il B DX L HEBCEE DAY cooveeeeeeeeeeeeeeeeeees MRF U RBA R, R, FH(5484)
T /K S o [ YT 1R K8 1 HF LUK M ER LA IE 2 CO, A CH, HERGE AR oeeevereeenmnmeisneeees
........................................................................ ZH EHEE B NES EE AEH,TEE,2)(5493)
FEAE CH, HEHCRHAE B Z  eeeeeeennenn IO B, KFF, R, KR, A, B %, § R, FAHE(5503)
ﬁ@ﬁﬂxﬁ%%iﬂi%ﬂ?%&ﬁ{ﬁﬁﬁiﬁ@fﬁEg%ﬁuﬁl ............................................................... )’ﬂzﬁi B , K , & H}‘/’m“gg (5515)
BT A IX A H 22 4 [ R JT T + v veeeeeeemmmsmmeee ettt e e e e et e e e e s e s s TH R, ETE, A%, RIE(5524)
RIRT H A B A FR S L ST TR v B VR WK E, B R, BT T (5531)
IR A 08 AN ) 5 A P R ) AL B v E A, XA, E B A, FAR(5540)
W L™ DA [ - 4 1] TR+ R E R SRR VR AR oo FRRMR, I, W, B F (5550 )

MR FEIBE T AAC B X 3R - chbL AR REVE - EERES R - 8, X%, F0, BHFW, TWW, K7 A(5561)
BERRAEXGMTRHEAEEESRREENAREE

AT e SRR AT R AR S o oeevvoeseenneenns BAIFHA, N, B RN T (5570)
BT X A S5 U a) B S AT AL A3 BT wee e K KR AR, Tk (5581)
Sl A 5 B U B ) S R R SRR S ) ¢ LA B s RIS DX g ] =+ A, B, 0t B K, X 7T (5593)
e VR VS [X - 55 b e L A 3 T 4 S V5 R E S5 3RS AR AT oo vveeermeee e
.............................................................................. BEXE #E EFER, NE EF,HLE, ARBEIE(5604)
%%{ﬁiﬁ{%gﬁiﬂﬂﬁi%ﬂﬁﬁ%f%/é /ﬁazﬁ?ﬁ&ﬁﬁgfmﬁ ..............................................................................
.................................................................. P —2k MR EHN AN, EKE, R, #E, %L (5615)
FHERDT -5 LR S A PR T R S G IR A B I VERE oo X T2, 28 B AR, JE A, AR R 4k, Bk3R.(5623 )
FRRF LG X IR R TE 4 B TR T SR ceeererrrrrreemeeeeen, MRyEH XL, E AL Y AT (5629)
Hydrus- 1D BRLEHE SR T 047 R K B9 2 S A R (B AL oeeemeeeeemesemeeeens M, B, R M, A F T (5640)
<<%f%ﬂ_r‘—%ﬁ»>>% 40 %(2019 ﬁz)‘é\gi ...................................................................................................... (5649)

(ARBEREYETT R 535 (5233) (BRI ) AR 17 ) (5285) = H.(5357, 5420, 5429)



)
ET:"%IJJE B R = 540 % 5512 1 2019 4 12 A

Eco-Environmental
. . Vol. 40, No. 12 Dec. , 2019
Knowledge Web Environmental Science ol 4, Ne. 12 Dec. ,

BARREME T TRIETIKBES FEURES

TR KRR S e R Fa g T R B

(1. AR B TREKFHRER LR EE - = - E SR = R K E DS S D R A0 .0, B 5T 210044
2. jlﬁﬁjﬁ%%%ﬂ%%jﬂi%f& IR 575 e E K E A 9000 s dbat 100871)

BE . MIFA R BN RIS W2 {8 MARGA W T 2018 411 H 18 H ~12 A 7 H K =fM#bIX —KIX
B TP ETATS LSUA (NH, | HNO, | SO,) Al 8 FlUKIETER FHEE. 456 REUE (PM, 5. NO,, CO, O,) IR R 5, 4
Bk DX St i AR R . SRAST5 2 B ASARRAAE LA A s AN TRl B BT A5 e 000 43 A R ik, 25 RB W ik g # v
K=MK FEZ 3 5 R E 6, RAOERRE, AR TR EY B s XE PM,,, NO,, NO; | SO;” . NH, | ClI™ Al
Na* B EE /05 (118.91 £39.23) | (61.62 +26.34) . (45.64 £16.01) ., (18.80 +£8.02) . (20.82 +7.16) . (3.02 £2.25)
F(0.23+0.22) wg-m > IR THRAN2.73, 1.63,2.64. 1.942.50, 2.05 F12.56 1% ;58K CO UM E HJ(1.34 £0.39)
mgem ST HRM 186 1. ANRIKRIGLYN H AR, $EA BT RS R T REARTR. SO, MMk EAE
s R B s PM, . NO, . NH, . CO FT SNA AR 7F 58 & B M Brdie = ; 0, Cl™ | Na® AT K+ B B 7 28 T SO BE i =
SNA TEE AR BB T XT PM,  BYAHXT STRK AT I8 94% ~96% , FLTE A Ji [y Be i) 34 1 fee O, 3% H1E 7 NO; > NH - 5502 . SNA
TR, KA BME RN EBLLL NH,NO, b %, 76 IH B B (NH, ) ,S0, 4 & Jktm;miﬁ}ﬁﬂa NO; i"‘k%‘ﬁ'{ NO TE3E
KA RIRFITEEIG B PM, S B HIX BTHR SR 51, 06% | 51. 85% il 48. 22 Y.y = 23 13 AR YT S 52

SRR AR I B R s KR M B K S AT A | | & iy 2
HESES: X513 XEIFIRG: A XEHS: 0230- %%01(2019)12 5213-11 DOI‘; 10"'.13227/j.hji<x.201906052 ( ;-""

Change 1n Characterlstlcs of Pollutlon Gas and Water-Eoluble Ions at leferent

Development Stages of- Haze .
WANG Zlien- bin' , LIU An-kang', LU VVen-J YANG Xiao-min' WA?\‘C Hong- 161 4", CHEN Kui' ; XIA.fLi1

g '(1 Collaboratlve Innovation Center jon JF orecast and Evaluation of Meteorologlcal Disasters, Key Laboratory for Aerosol-Cloud-
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Englneerlng, Peking University, Beijing 100871, China)

Abstract; To explore the variation in characteristics of atmospheric pollutants at different stages of haze, the monitor for aerosols and
gases in ambient air (MARGA) was used to observe the concentrations of precursor pollutants (NH,, HNO,, and SO,) and eight
water-soluble ions in a regional haze in the Yangtze River Delta region from November 18 to December 07, 2018. Combined with
environmental data (PM, s, NO,, CO, and O,) and meteorological data, the causes of regional haze formation, diurnal variation
characteristics of air pollutants, and distribution characteristics of air pollutants in different stages of haze were analyzed. The results
showed that the Yangtze River Delta region was mainly controlled by a ridge of high pressure during the haze process and the weather
situation was stable, which was conducive to the accumulation of air pollutants. On hazy days, the concentrations of PM, 5, NO,,
NO; , SO:™, NH,, ClI™, and Na* were (118.91 £39.23), (61.62 +26.34), (45.64 £16.01), (18.80 +8.02), (20.82
7.16), (3.02+2.25), and (0.23 +0.22) pg-m ™, respectively, and these were 2. 73, 1.63, 2.64, 1.94, 2.50, 2.05, and
2. 56 times the levels found on clean days, respectively. The concentration of CO was (1.34 £0.39) mg-m ™ on hazy days, which
was 1. 86 times that found on clean days. Diurnal variation characteristics of different air pollutants were different, as were the
distribution characteristics of air pollutants at different haze stages. The concentrations of SO, was the highest in the haze occurrence
stage. The concentrations of PM, ., NO,, NH,, CO, and SNA were highest in the haze development stage, and the concentrations of
0,, C17, Na®, and K" were highest in the haze dissipation stage. The relative contributions of SNA to PM, 5 in different stages of
haze could reach 94% -96% , and their growth rate was largest in the development stage. The order of growth rate was NO; > NH,"” >
SO2~. SNA mainly existed in the form of NH,NO, on clean days and in the occurrence and development stages, and ( NH, ),S0, in the
dissipation stage. This haze process was mainly caused by the growth of NO; , which was mainly generated by gas-phase homogeneous
phase reaction, and NO, contributes 51. 06% , 51. 85% , and 48.22% , respectively, to PM, , in the occurrence, development, and
dissipation stages of haze.

Key words: different stages of haze; aerosol; water-soluble ions; Yangtze River Delta; pollution gas
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Fig. 1 Changes in atmospheric pollutants concentration in major cities of the Yangtze River Delta during observation period (2018)
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Table 2 Water-soluble ions correlation coefficient matrix on clean days and in the haze occurrence stage

NO; S03- NH,f Cl- Na* K* Mg?* Ca**
NOy 0.72* 0.95* 0.43* 0.42* 0.32* 0.14* 0.10
S0;~ 0. 44 ™ 0.89 ™ 0.44* 0. 40 ™ 0.31* 0.24* 0.01
NH, 0.95™ 0.68** 0.50** 0.47* 0.41* 0.17* 0.07
cl- 0.63* 0.44* 0.70* 0.90* 0.68* 0.29* 0.27*
Na* 0.68* 0.37* 0.70* 0.84 0.76 ** 0.21* 0.32*
K* 0.61* 0.40 0.58* 0.72* 0.86* -0.07 0.40 * =
Mg?* 0.27" 0.13 0.22 0.25* 0.14 0.03 -0.14*
Ca®* 0.24 0.22 0.30" 0.57* 0.72* 0.65* -0.06

1) BB TR, T2 R AR B+ FR BFEMKF 0,05, = = FoRn BFEMIKF0.01, R
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Table 3 Water-soluble ions correlation coefficient matrix in the development stage and dissipation stage of haze
NO; S0; - NH/ Cl- Na* K* Mg?* Ca?*

NOy 0.53 ™ 0.89 ™ 0. 44 0.51* 0.45™ -0.02 -0.03
S03~ 0.53™ 0.85™ 0.64 ™ 0.59™ 0.51™ 0.11 -0.12
NH, 0.85™ 0.77 0.63 ™ 0.63 " 0.56™ 0.04 -0.09
Cl- 0.12" 0.77 ™ 0.52™ 0.93* 0.92™ 0.05 -0.04
Na* 0.20 0.76 ™ 0.56 0.97 0.97 ™ 0.14 0.04
K* 0.11 0.74 ™ 0.50 " 0.97 0.98 ** 0.07 -0.01
Mg?* 0.19 -0.05 0.07 -0.11 -0.12 -0.12 0.15
Ca®* 0.49 ™ 0.47 ™ 0.60 ™ 0.19 0.25 0.20 0.04
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