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Day-mght Characterlstlcs of Humlc-llke Substances in PM2 s Durmg Wlnter 1n

Changzhou ,r J of 4 e
GU Yuan, LI ang, HUANG Wen=qjian, ZHAO Zhy=zi, MA Shuai- shual , YE.Zhgo-lian~ . i
(School of Chémical and Environmental Englneerlng, Jlangsu University of Technology, Changzhou 213001, China) o

Abstract: To 1nvest1gate the characteristics of diurndl variation jof humic-like substances” (HULIS) in atmospheric aerosols during
wintef in Chdngzhou a total=of 64 fine pdrtlde (PM, 5) sample's wete collected from January 1 to Febttary 28, 2017. In this study,
the concentratlon.""as well as light absorption parameters of -hul;m-é hke substances of carbon ( HULIS-C) were examined. The results
showed that the average day PM, 5 and HULIS-C concentrations were 122. 60 pg-m > and 4. 18 pg-m , respectively, slightly higher
than thofe (111.72 pg-m™> and 3.74 pg-m ™) at night. Via UV-vis analysis, we found that the ratios of absorbance at 250 nm
(A,s,) of HULIS and WSOA (day: ~77% , night: ~75% ) were significantly higher than the concentration ratios of HULIS-C and
WSOC (day: ~51% , night: ~50% ), indicating that more UV-absorbing substances and poly-conjugated aromatic structures exist in
HULIS. The daytime E,,/E, and SUVA, in HULIS were close to the nighttime ones, indicating that there was no obvious difference
between day and night in HULIS with reference to aromaticity and molecular weight. There were no significant differences in MAE,
and AAE,,, ,,, of HULIS between day and night. In addition, to obtain the main influencing factors of HULIS in winter in Changzhou,
the correlation analysis of HULIS-C and other chemical components were conducted. The results show that biomass burning, fossil fuel
combustion, factory emissions, and especially secondary formation, were the main influencing factors. Moreover, daytime HULILS were
mainly influenced by secondary reaction of anthropogenic precursor contaminants, while nighttime HULIS were affected not only by
secondary formation by but by also primary combustion emissions.

Key words:PM, ;; humic-like substances( HULIS) ; day-night characteristics; source analysis
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PM, JERIER R, 59K H. 0C MEKR
We B H4MH 43 0 14. 03 pgom > 1 12. 84 pgem 3,
EC 15 1% W JE BB 4 51 R 4.32 pgem ™ F1 3.96
pgem Y, BB R0V = TR K. OC/EC
>2 RUA KAWL R AR, B oc/
EC IMEHESKR T 2, BLIA SOC ARk, %‘%Eﬂ% oC %
AN | WRAE SN A IR 52, WSTN 1
SRR BE A E 4y A 16,18 pgem T T 16. 16
pdg-m73, ﬁﬁ%zl-‘jﬁ%j@r, WSON A8 1 e i
3N 2.18 wgem A 2.62 wge-m P, LR T
FIR, X WSON M/ R B s TR T K56, 4558
FH Sig. (X)) >0.05, BEREFIFADE.

SKEEIE] PM, 5 th WSOC A s 74 ¥ B 43 il b
(7.94 £3.19) pg-m > A (7.31 £3.41) pg-m ™,
HULIS-C f SR JE 43 34 (4. 18 +1.95) pg-m ™
M(3.74 £1.91) pg-m . 4K HULIS-C/WSOC J
{4 51. 4% , B HULIS-C/WSOC #J{E M 50. 0% ,
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B RE IR RO 38 B o4l A4 B BF 5T M
Krivacsy 250 76 2 IR 2 R4 1 PM  BE A P i
HULIS % J¥ # ik, J& H HULIS-C/WSOC ik F
20% , TEHTVE 22 RAER PM, FEAS (1) HULIS ¥ i 4
B RART H ZF, X5 E 220 g 5
Hh 5 H Al R SR M DX A 58 RS A 11 2 S 0T R
FE HULIS ¥R B ) 25 5.
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Table 1 ~ Concentration and proportion of PM, 5 and its main components in winter day and night
. EPS LU
wH LA ; e y —
YA (= bl 2s) i il I ( = brifEdR 2 ) 0
PM, 5 pgem? 122. 60 +63. 09 42.76 ~338. 67 111.72 +65. 86 35.61 ~305.23
oC pgem 3 14.03 £6.59 4.91 ~28.23 12.84 +7.98 2.86 ~34.04
EC pgem™3 4.32 +1.40 2.20 ~7.48 3.96 +1.97 0.93 ~8.53
SoC pgem 3 5.05£4.72 0.00 ~16. 96 4.01 +4.58 0. 00 ~ 1794
wsoc pgem 7.94 £3.19 3.68 ~15.56 7.31,+3.41 S 281~ 139307
HULIS-C pgem ™3 4.18+1.95 1.71 ~8.33 3174 £1.91 101~ 737,
WSTN pgem 3 16.18 +7.77 4.55 ~32.57 £ 16, 16 £8. 01 3.93 £37.82
WSON pgem~? 2.18 ¥9737 0.01 ~11.01 | 2.62%2.53 0.08 ~.1;,1<"9d'
K* pgem™3 — 0.61+0.42 0.18 ~2.24 0.57 £0.57 0.031€2.69,7 =
cl- pgem | b 2072215 0.14~7.69/ A 2,270.39 0.03.210710
NO; pgem > 20.37 = '13!"‘.65“ — 3.59-55.22 g 19.51£12.26 1.70 ~ 51478
S0 : pgem 3 /147040640 4.52~35.54 /12,90 +5051 3.04~25.21 ¥
NHj . - pgem~? J i 3:-4'7.87 4.34~25.23 / 11.50 +4. 69 3.,01 22700
OC/EG i i 8420 + 1057 2.08 ~6.29" ¥ 3.161+0.83 2,231~ 6. 474
HULISC/PM, | L. % A )0 1.05~5.62 & | 3.66 1.33 0.74 ~6.31,
HUTIS-C/0G % 4 130.51 £6.33 12. 47 ~41.96 30. 83 +6. 02 17.97 ~40. 86
HULIS-C/WSOC ' % 151.85.£5:27 . .1 43.52~72.97 50. 02 +3297 40. 94 ~56. 61
| o / e P | — ,__,..-"'
®2 ERMBYEHRSTRY P EEERRE
Table 2 HULIS concentration of atmospheric particulates in some cities at home and abroad
o vrs N HULIS-C ¥  HULIS¥&J¥ HULIS-C/WSOC I
FAEHL, REAA  SRAER ] o e 7 i
/ug m /g m /%
—_— 2017 4E1 H ~2017 42 H AR 4.18 / 51.35 TOC
"ﬁ'—;’d’l'l( zk{l){‘ﬁ) PM2_5 E'E H 55": H IJZ_[I
2017 41 H ~2017 42 A, B 3.74 / 50.02
g3 PM, s 2011 4F | &2 3.37 / 67.3 TOC
PGz [32] PM, s 2008 4F,4&% 6.20 / 34.5 POlark
e PM,s 2012 4F&Z 4.00 / 46.8 TOC 1 ELSD
) PM, s 2013 4EHZ 1.19 / 44.4 TOC #1 ELSD
£ e PMj, 2015 4F 12 A ~2016 4F 1 A, AR 12.0 / 37.5 TOC
PM,, 2015 4E 12 A ~2016 4E 1 A | Bk 15.3 / 45.1 TOC
- 2009 4% 7 ~8 HK / 1.14 47 UV - vis
S, 212415 232009 4E7 ~8 AR / 0.84 39 UV - vis
2009 49 ~10 A / 1.33 55 UV —vis
TR 21030 PM, 5 2001 4£8 ~9 J / 0.077 19 TOC
AE -
o~ PM,, 2001 4£1~2 A / 0.634 51 TOC
2001 4£ 6 ~7 J / 3.819 47 TOC

K1 e PM, o X H2H 43 i it 1] 2] A2 4k
MAEHARTF | KA PM, K A 5 i 5 7 e ¥
IR 8, BRZEFIHALE. HK HULIS-C
R MAE L A3 H, 58.33 ugem ™, [A]

LI E G P, F WSOC B Bt s, 433k
267.24 pg-m H115.56 wg-m>; B HULIS-C [
REWELMAE2 H16 H R 7.37 ug-m ™, 24 H
PM, s Al WSOC 1) & J& 43 53l 159. 58 pg-m > #



3 JBE 45 . B T4 ZF PM, 5 T 28I 5 BUS- AR RRIE 40 #T 1095
16 - 16 400 1 30 12
14 | 14 b
—~ —PMy; - - WSON 1% 10
12 F 12 F ——HULIS-C [l OC 1 30
T —W B EC o 4207 8 o
g 10 7,10 S ‘g E ‘s
= ® E 2 £
S s =8 12003 {155 {6 3
2 g = s S
= 7]
6t @ 6 d
2 = = 41wd {42
4t 4 100
B 2
5 | y 5 2
ol 0 0 o 0
T EEEEEEEEEYEEEE:
= 2 = = = = =z =z = &g &g &g &g g g ¢g
16 r 16 400 535 412
14 | 14 {1 "
oot 12 f 1
's o o 7 8 n
S 10 F 10 0, g
2 g g8 1 § g
<9 2 2 = S
2 S g ® = g 16 2
= 2 S 1155 2
2 6 2 6¢ o 8 {42
4t 4 10
2
2t 2+ 5
ol 0 | 0 4o
(] =T =l o (=] ol -+ =] o0 -] oo (=] (] - =] o
2 S 8 B g s o= sy ot | S B TG BE O
= £ £ s 5 = == = = &g &g g &g g g &g
Bl (H-H)
o m#mwmf%f “ly &

,,/;{f

)

,"Jl Fig. 1 Tempef'al j‘l f%

ﬁ/ / of
M, % ﬁﬂ’]}é’»ﬁi#& fﬁ y\cln
JOC, EE. WSOC ., HULIS-C Hx)
¥, Ho HULIS-C K W M s 12%.
WSON T 72 16 5 T £ 5% 17% , WSTN BK 2% 5,
UL WSIN IR LR 5 WSTN FLE K, AIRE=

KA 3D % M Tk HECR NH, 5/ P 9

ions of day and mght

—

| (1 504\'H 3\HC1)&T“ ﬁkﬁﬁ@aih%ﬁnﬁﬁﬁé

%%mﬂ St X T ENLE T, CL R e R
9% , K™, SO:" . NO; #l NH; ¥4 K H %M
(3% ~15%), FIR SO, WeJEH &, nReZh T
R TP IRBER 35 N R IR HE )

and lis cqypon\znts

ZEWAH B S A E AT
X, NO; A1 NH, BEREHEAKHEH TAEEE
R HAB IR/, NH,NO, B/ 4% & B <M .

1.4

1.2

1.10 1.09 1.09

1.09

1.0

0.8

0.6

B4 o ik L

0.4

1 L L Il

1.15

1.03

PMazs oc EC WSOC HULIS-C WSTN

WSON K* Ccr NO;™ S04% NH;"

B2 PM, REASERRELL

Fig. 2 Ratio of day and night concent

2.2 HULIS M6 o

K3 @R T 250 nm Ak HULIS Fl WSOA ()4 4h
“li ﬁlﬁ E EI/‘J Hﬁ {E ( AZSO-HULIS/ AZSO-WSOA ) 5 j‘J T X‘—J‘ Hﬁ ’
HULIS-C/WSOC #)#¢  He (R e 3 A5 il
%élé*/%i 3’ ﬂu%ﬂj ) }Téﬁlé,hﬁlﬁj A250-HULIS/AZSO-WSOAiﬁ:I

ration of PM, 5 and its components

HULIS-C/WSOC H)ER ZE BRI, Assonus’
Asowson BB HE AN 9K 77% F1 75% , T HULIS-
C/WSOC BRFHIME 51K 51% A1 50% , 10t W14
L1 1o 58 W WA ) S5 R 22 SR S i Y S A A E T
HULIS ', X 5 H i HULIS & & #f 7% 4% % —



1096 woom B % 40 %
B Ay R () B TOCEAE (&)
90 O dasofiE () -O- TOCHKAE () |0
a
< 80 m I’_.\_ o E\ AE-g  d80
= N g q\n. n-m /. /IH .. . o :E =
; %o // =~ 5\.;[\,\\ N A\ . 5. _]/"' s g
2 0r \g-H L,_] 470 g
= [
P %
S 60 {60 5
z 5 u] =2
‘?‘J ;Um._- .“. A f’n\ / 5 . B ’.\Hx o
< sop 5 N \g.o /- o-uE 07 _/ \D,I/D\ o /'/-/:]\D/ B s
3 ‘l/ -u E\D ] g-ga
O. - o-G
40 - L 140
S E2LESELCCNNINECErCCERRRARAGEN A
ek B R Tl iR Sl S e S e e G e e
== ===l E-R-0=-E-N-A=-E-E-E-E-E-E-E-E-E-E-E-E-h=-E=E === ==
A (A-H)
E 3 B HULIS-C/WSOC F A5 yuris/Aszse-wsoa FIE B FE 51
Fig. 3 Time series of HULIS-C/WSOC and A,s 115/ 4250-wsoa in day and night
0.6 0.4
\ (a) 2017-01-03 WSOA (i) (b) 2017-02-15
oL - HULIS (f&)
’ —— WSOA (%) 03
- - - HULIS (%) -
= ®
= 2 02
= =
0.1 F
0 - : —= 0
250 300 350 400 450 500 250 300 350 400 450 500
i Fe/mm i 4/nm )
< =4 Frm:.ls WSOA Fff & SRFA mu&fcﬁﬁﬁ*ﬂ: 7
-'I' L Fig. 4| Changes i in absorbance trends for HULIS, WSOA, and SRFA
[37 38]|.. i ' o '__‘,."m""j
H > W, FR) 4% K 542 L-(mg-m) " 1 1.59

Jtt% AWFFREBUS R E (1 A3 B) FBR
I HI(2 H 15 B ) 2% HULIS 5 WSOA i UV-vis
T (WK 250 ~500 nm) , WE 4, FHorppE L e s
I 2 ( Suwannee River fulvic acid, SRFA) HJE)E
FE TR bR AEYI . T LA 1, HULIS 55 WSOA A%
G BE RSB R Bl U0 K i 1 R s/, 5 A 5 rh
HULIS AN SRR AL, 815 [ AR AP
B J5 14 52 AMROBCRFAE 28 81 %%, A LLE TG g
iﬁﬁﬁq‘ﬂ&ﬁ‘cﬁwﬁﬁﬁﬁ, WSOA Fil HULIS fWOE
B RK TR
AW KB HULIS LR RSN S5, WK,/
Es Il SUV A, 5 5% 7 B A o3 7 1 5 A AR o 1) AH
ST 1 Baduel 257 BBFIT A AR IX BT X
A2 m/ﬁﬂﬁcfiﬂ HULIS HABRH E s/ E s T
[1) SUVA,,, AT T HULIS (4 4 9y 5 BR B 1 ok
U5 B Eysy/Eses MERAK I SUVA,, 1] J2
HULIS # WA RGE. I, ABF5E R HULIS 5
WSOA ) E,sy/ E s Fl SUV A VER ] 2R £k 7 51 P (1A
5), HF AT HULIS Y490 45 5 M 0ok 4 A8
] WSOA ) E,q/ Eyes Il SUVA,, B (LA C

L-(mg-m) ™", HULIS X} S iy 5% 34 { N 5.97
L+(mg-m) '"f12.34 L-(mg-m) ~"; %[0 WSOA 11
E,so/Eys 1 SUVA,, B F ¥ {8 2 5 B 5.59
L-(mg-m) 'F11.52 L-(mg-m) ~", $2HAY HULIS
XF ) SE ¥ {E A 5.84 Le(mgem) ' Al 2.37
L-(mg-m) ~'. HE 5 7JLLFH, HULIS 5 WSOA
() B,/ Erygs 225 AN 838, T SUVA,,, 34 HULIS
FET WSOA, 18] HULIS 2 i@ ik B R 1 &
(05 B A MLAL S DAL . A B R 4 (8 ]
DI, HULIS B E,q/Eq F1 SUVA,, 1587 2Z ]
Z58N, B HULIS 7655 &/ My 7 LR 2
SRV, RIFERE B HULIS A1k 5 R 4
AR

gtk —A 5B HULIS BG4, ARFoEiT5
T HULIS ) AAE {5 (300 ~400 nm &) & A[6] 3
BHGHY MAE {H (250nm ., 365nm), W3 3. A#F5%
FEEUK) HULIS 272 AAE 00 B30 5. 58 +0. 30
F5.41 £0. 40, ZALE 0 E = THEY BRBEH BEHE
R B % (BC) B9 AAE i (— My 1), F
HULIS 7£ K BH B8 W i 75 T8 (R ) 2 55 A0 I 3 F



3 JBRE A« M T4 ZE PM, o P IS TE B R E S 1T 1097
-M- WSOA ()
~[0- WSOA (%)
-M- HULIS (}&)
-0~ HULIS (%)
2
2
D
it NOY
dgdddd
T A il
= -A ]
&) 0
8 0) o)
] ¥ "
2 0
| 1 | 1 | 1
938858 “i
sddgdsg &
L B ‘ ) .
J I.,~ n":' L Es Hl{lu"s }‘q‘ WSJ)A - Eyly/Es « SUVAma’Jﬁleﬁ*ﬂ: Bl | "| ﬁ_-;i
r’ ‘-"-I G..“:l Fig. SI Ti'!ne. trend‘s of lizso/ Esgs and SUVA in H]E_ILIS anﬂ WSOA _..~‘|'
.lr? y 1 ,-‘" _,H'-\..I &
") E@? piff ﬁkf'ﬁ “‘ﬁﬂb{ﬁﬂiﬁﬁT&%ffﬁw £3 HULIS MR
{ﬁHﬁLE/JI.J'AAE( . 6’ 4, Ri‘ 6. 8) [42] —Iﬁ {J”**#;)I‘?Ez‘é Table 3  Light-absorbing properties of HULIS
\ A%
Hi I AAE fE(5. 87 +0.49) 3. T Hefiz ER I
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B ZEFARE, BAER S T H K, 555 80w 5
FRER AW B HULIS 4 25 s 1 19 O 2 o 1% A
A MAE, 65 5 SUVA,g, 5 81 R 45 (19 1E 41 56 6 &
2.0 | (@)
i v=0.60x +0.02 [::] ,e
18 | r=0483 ® %33@’ il
'TE) ter @ mf?'%e =
s 12 F ! ’;?ez e &
o T Bz =061x +0.04
é & r=10.65
08
14 I.I6 |,Jx 2,I0 22 2_14 2,I6 z{s 3I_0
SUVAzsg( BACH)/L-(mg-m)™!
Ee6

(E 6, J&.r=0.83; %.r=0.65), 0] HULIS i

s P A L =R =] E/
T S oyl BE
20
B:y=-0.17x+248
1§ I =066
Tw 16}
E
2 14
[#4)
12 e
@® A
LOF gy =-020 +2.60 .
r=-0.61 @
08 |
L 1 1 L 1
4 5 6 7 8
Exs0/Eses

MAE,; 5 SUVA,q . E,sy/Eses FITE R XS EE
Fig. 6 Correlations between MAE;¢ and SUVA ),

EZSO/E365

M LR DA 4 1



1098 7D 53

B 40 %

HALER ST TP A C R AR B & TR, #
AR 1 R R G K PHAR ST R ot i — IR
NAER HULLS, HW R0 . A i & #L,
E\so/ Eses 5 HULIS 135 7 P R4y Bk 52 Uk 6
ﬁzﬁ MAE36S 5 EZSO/E365 HDE\IJ:I'L %ﬁl *ﬁ?é ( E r =
~0.61; BZ:r=-0.66), FF—UF I35 7 454 %
HULIS S HCRE 1 1) BTRR.

3 RESH

S HULIS-C WRIEAR R S 4%, EL4H
—UCHERICIR (AN AR P BiAbe ) FOACH e — U B (AN
VOCs IeAb s B4 ) 2. @i 7 HULIS-C 15
SV AL A AR S, RT DAHERTED T B 4k
P, %4 X HULIS-C 5 PM, S H Al Ak 24 20 43 A9 A
KT T 045, 25K W] HULIS-C il K™ Z [A 47
FEPERBEMIEMAXE LR (B r=0.49; ®.r =
0.34), UtBAAEY) FRR B HE B A BIF 5T Dnjz'm'zﬁﬂs‘a
HHULIS-C I STIRIE > — 5 MG AR T o
ZIRTEHLE T (NOy 502‘ FNHS ) (r £0.71 ~
0.87) . SOC (B« =0.69; K:r=0.78) 5§ WSOC
(s T 0. 98 ;s r—O 99)) =[] By AH éﬁﬁé@ﬁ}\
ﬁ%mmmwm W B U A JRT B
HULIS-C 9 /E SR % f0 AT | 4 B3
R DX B 57 s T 5 i A AU 5 2 s

EWh@¢W,mmmmmﬂEmmmmm@m,

1o P f‘Ebﬁ Z R 3 | T 3 R
S PTAIR, 55B F0 D RHR T Y U5
WIS R R, IbAh, HULIS-C 5 SO, (&.r =
0.85; %:r=0.57). NO, (/&:r =0.86; W:r =
0.83) ., Cl A —&E WA (E.r=0.56; & .r=
0.53), UtHAfkARARHR b A Tl HEHCR — & 1Y 5T
Mk, HULIS-C 52 —E M MAMAHLKLR (B r=
~0.48; W .r=—0.54), a ULXGE B hna] R
TS YLI YL, HULIS-C M98 T 1. B9 Z [l %t
FE, HULIS F1 5 Mk PEE -+, SO, . NO, BYAHIC
PERIRE > 1%, FTEC, CO % —RIRBHEE =Y
WA R, $EHA (1K HULLS 3 %257 31 — A= i 5%
Wi, 7T [R] U] pl Ak S 98 55, HULIS SR
iz B H R kA g g, sz 8 T 58—k
SEHERL A5 .

BRUb=Z b, it —L B HULIS 4 2ok AR
i, ABF9ELRA 2016 4 2= HULIS-C Al H Atk
HAPAAE ST RIF XTI SY, 45 R A . &
Z¥ HULIS-C AR JCHLES £-(0. 71 ~0.87) | EC (/&
0.79; 1% 0.84) MM MR E® THZE(SNA.r Ny
-0.06 ~ 0.76; EC: & 0.34, % 0.36), H %

HULIS-C fil O, B H 2 I IEM XK R (HXHR
Bk 0.90 F10.83) , M Z=W & 18 8] JoAH vk
(r=0.03), A EMAFHRXIKER(r=-0.49), &

ZERWLIN 25 5 5 A T & R AF SR AL X
JRUSTER &= M By HULIS ¥ 2528 T — kA4t

AL 2 (H 2 0] RETE A2 BUBL A B R <Ak 2
SIS b R (AN B BE | WRAH B ) AFTE— i 22 5%,
T SAEARE— D RADFIE.
*4 XZFBEWH HULIS-C 5EMANMNEX R
Table 4  Correlation coefficients between HULIS-C and other

components during day and night in winter

HH HULIS-C( &) HULIS-C( %)
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