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Size distribution and sources of water-soluble organic nitrogen associated
with atmospheric particles in Guangzhou
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Abstract: Water-soluble organic nitrogen (WSON) plays an important role in atmospheric chemistry and climatic
change. However, few studies have focused on WSON in size-segregated particles. In this study, size-segregated
particle samples in the size ranges of <0.49 um, 0.49-0.95 pm, 0.95-1.5 pm, 1.5-3.0 pm, 3.0-7.2 pm, 7.2-10 pm
were collected in Guangzhou, China from September 2014 to July 2015 by a high-volume sampler. Samples were
analyzed for water-soluble total nitrogen (WSTN), WSON and and water-soluble inorganic ions (WSIN). The
concentrations of WSON in each size range showed a similar seasonal trend with higher concentrations in autumn
and winter and lower concentrations in spring and summer. The seasonal average concentrations of WSON in
PM; ranged from 1.15 to 2.62 pg/m’, contributing to 63%—71% of the WSON in PM;,. The concentrations of

WSON in particles <3 um exhibited a unimodal distribution in four seasons, enriching in the 0.49-0.95 pm
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particles. The principal component analysis (PCA)/absolute principal component scores (APCS) analysis showed

that WSON can be mainly attributed to the burning of local fossil fuels in particles < 0.49 pm, to construction dust

and photochemical oxidation leading to its secondary formation in 0.49-0.95 um particles; and to photochemical

oxidation leading to secondary formation alone in 0.95—1.5 um particles. Our research improves our understanding

of the environmental geochemical processes of organic nitrogen compounds.

Key words: atmospheric particulates; water-soluble organic nitrogen; principal component analysis; size distribu-

tion; Guangzhou
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( 40 m) Anderson APCS
SA235 ( 1.13 m*/min),
2014  9~10 2014 12 2015 1 ,
2015 3~4 2015 6~7 6 . —C;
Z.=—4
(<049 um 0.49~0.95 pm 0.95~1.5pum 1.5~3.0 pm v c;
3.0~7.2 pm  7.2~10 um) 24 h s . Z, ( ): a o,
129 ( ) 27 ( ) 24 ; PCA
( ) 20 ( ) ’ ’
(QM-Whatman, 20.3Whatm cm) 450 C 4 h,
) O_E
25 C, 50%) 24 h , 40 C (Zy); ==
1.2 #HF@m&H APCS;
6 cm?’ 7 mL APCS
(>18 MQ-cm) 2, 2 , Ci =by, +Z;:1(APCS,7 xb, )
0.45 pm , 1 C; i 5 by, i
‘ \ 5 by P i
12,1 KEMETHE 0 = ; APCS,
(Met Rohm 883 IC plus) Thurston et al.?”!
WSIN (NH," NO,  NO3),
Metrosep A Supp5-150/4.0 6.1006.520 (150 mm x
4.0 mm) Metrosep RP2 6.1011.030 (1.0 mm x 2 g:pl':%_l—jiq"i/b\
3.5 mm), Metrosep C4-50 6.1050.410
(100 mmx4.0 mm) 2.1 WSIN #1 WSTN K4 Fa 45 4F
122 KEMAEIEAH N . _
WSTN ) ,6 NH;-N NO, -N
Elementar vario TOC NO; -N= WSTN ! ’
WSON WSON=WSTN-WSIN <0.49 ym 0.49~0.95 pm 0.95:1.5 pm
’ NH," NO,” NO; 1.5~3.0 um 3.0~7.2 u}m 7.2~10_pm NH,4 -N
WSIN ng/m’ 0.04~1.02 pg/m ; NO; -N 0.05~
0.35 pug/m’ ; WSTN 0.54~1.75 pg/m’
6 , NH,"N  WSTN

1.3 PCA/APCS Z{kt&5

PCA WSTN 15% 25%
. 23% 34%  8.9%, NO, -N
,  WSTIN ,

F1 BAKZE NHS-N. NO,-N. NO; -N. WSTN HI4E 143K E E (ng/m’)
Table 1  Annual concentrations (pg/m3) of NH4"-N, NO, -N, NO; -N and WSTN in each size range

58% 69% 43% 13% 53%  8.4%; NO; -N

17%

f A <0.49 um 0.49~0.95 um 0.95~1.5 pm 1.5~3.0 um 3.0~7.2 um 7.2~10 pm
NH,*-N 1.02+0.80 0.95+0.49 0.36+0.24 0.09+0.06 0.04+0.04 0.05+0.04
NO, -N 0.002+0.004 0.0005+0.002 0.0005+0.002 0.0003+0.002 0.0005+0.002 0.0003+0.002
NO; -N 0.26+0.88 0.35+0.90 0.14+0.32 0.16+0.08 0.27+0.06 0.05+0.05
WSTN 1.75+£0.94 1.37+£0.47 0.85+0.37 0.69+0.25 0.80+0.26 0.54+0.24
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70%  =<I1.5um NO;~ i
, , 2.2.2 WSON #2 WSON/WSTN #y i 13 40 A7 4F4E
R PM,, , WSON WSTN WSIN
I\IH4+ NO37 . 5 5 <3 pm
(291 WSON , 2d
» - Y2 22 WSON N
2.2  WSONIRE WSON/WSTN WZTMALF 4
, 0.49~0.95 R
F4RAE K
0.49~1.5 pm; R 0.95~
F —H—/\ V
2.2.1 WSON f# WSON/WSTN # % 57 44 #F1E 15 um: WSON ,
WSON (. * =1.5um . NH, WSTN
) 2 WSON
< ~ 3 ~
0.493 pm (0.20~0.97 pg/m’) 0.439 <3 um WSON/WSTN
0.95 um (0.31~0.69 pg/m’)  0.95~1.5 um (0.16~0.55 pg/m’) ( 4)
1.5~3.0 0.21~0.67 /m®) 3.0~7.2 0.25~ '
i~ ( hg/m) o ( , WSTN, WSON
0.72 pg/m’)  7.2~10 pm (0.19~0.69 pg/m”’) WSON
’ ’ ’ WSON/WSTN
IN
[15,30,31] > s >
» PMyo WSON [1,3,33,34,39-41]
[22]
PM, 5 WSON . PM; = N
/\/ ﬂ 5} PP Q y ) YAS A
WSON , PM; WSON 3 0w ﬁfhjllfﬂi%ﬁﬁ%qj WSON 73 %EE/J
& FERER
[22,32-35]
3 WSON WSTN WSON
R WSON s PCA/APCS
(<0.49 pm 0.95~
1.5 um) WSON/WSTN , (Na" K" Ca* CI' sO/2 NO;
R ON NH," (CO NO, 0; SOy
£2 BAEBENHEZR WSON B F4HER B E MR 4 R(ug/m?)
Table 2 Seasonal concentration distribution of WSON in each size range and significance test results
LT <0.49 um 0.49~0.95 pm 0.95~1.5 um 1.5~3.0 pm 3.0~7.2 pm 7.2~10 pm
& 0.20+0.10 0.55+0.35 0.16+0.08 0.24+0.07 0.25+0.12 0.30+0.01
H 0.33+0.21 0.31+0.38 0.22+0.06 0.21+0.09 0.25+0.18 0.19+0.08
Fk 0.38+0.25* 0.69+0.69* 0.55+0.17** 0.67+0.04** 0.72+0.23* 0.62+0.11**
% 0.97+1.04* 0.57+0.39* 0.45+0.19* 0.63+0.24** 0.72+0.31** 0.69+0.15%*
:*a<0.05; **a <0.01, WSON
*3 FANEBHENRIEEE WSON/WSTN LL{E
Table 3  Seasonal variation of WSON/WSTN in each size range
A <0.49 pm 0.49~0.95 pm 0.95~1.5 pm 1.5~3.0 um 3.0~7.2 um 7.2~10 pm
= 0.28+0.19 0.45£0.30 0.30+0.20 0.51x0.17 0.50+0.26 0.89+0.05
" 0.36+0.15%* 0.40+0.22 0.610.17%* 0.58+0.18 0.46+0.20 0.710.30
7 0.17+0.11 0.42+0.39 0.51£0.22%* 0.76+0.12 0.72+0.16 0.84+0.15
% 0.27+0.22 0.38+0.25 0.40+0.19 0.66+0.23 0.70+0.22 0.88+0.18
D% 0 <0.05; ¥*¢ < 0.01, WSON/WSTN

Geochimica I Vol. 48 I No. 1 I pp- 57-66 I Jan., 2019



62 W 2019 4

Fz4 TEEXBRH WSON iR E Y FLE

Table 4 Comparison of the concentrations of WSON in particles from different regions

a5 WURL R WSON ¢ JEf (ng/m’) WSON/WSTN EEPUN
0.050~0.14 um 0.06 [22]
0.14~0.42 um 0.31 [22]
7 KA San Pietro Capo Fiume 0.42~1.2 pm 1.07 [22]
1.2~3.5 yum 0.35 [22]
3.5~10 um 0.04 [22]
0.050~0.14 pm 0.055 [22]
EKAH Bologna 0.14~0.42 pm 0.435 [22]
0.42~1.2 pm 1.53 [22]
& [ Jin ) 48 Je PM, 5 0.218+0.190 0.2 [20]
) ) PM, 0.006 0.24 [36]
R S IE i 5 JE I 5
PM, 1o 0.014 0.12 [36]
LREEEP R PM, 5 0.756+0.504 0.24 [10]
PMy.s 0.0714+0.0406 0.128+0.067 [37]
Bl PN
PMy.s 10 0.0364+0.0112 / [37]
LR vE PM, 0.0364+0.0434 [12]
PM, 3 0.1624+0.196 0.13 [13]
AT AR
PM3 10 0.077+0.0546 0.13 [13]
PM, i % 0.049+0.0644 0.45 [21]
IR
PM;o T 0.854+0.938 0.43 [21]
PRI PN PM, 5 0.02~0.60 0.1 [11]
H 4 Sapporo Hitsujigaoka SRR URL Y (TSP) 0.16+0.13 0.20£0.11 [24]
Experimental Forest
KPEH: B BURL Y (TSP) 0.00~0.56 0.25 [18]
FEZE L PM, s 0.16 0.33 [38]
o E b st BBV BURLYI(TSP) 3.1742.02 0.3 [14]
T E T SRR (TSP) 6.02+5.56 0.37£0.22 [15]
o P PM, 5 12.0+9.4 0.47+0.1 [16]
opE g PMy s 1.29+0.69 0.18+0.08 [17]
T (kX)) PM, 5 0.50+0.45 0.13+0.10 [23]
o TN (R IX) PM, 5 0.47+0.36 0.12+0.10 [23]
RN GRIX) PM, 5 0.73+0.57 0.20+0.11 [23]
RN GRIX) PM, 5 0.71+0.43 0.3440.18 [23]
<0.49 ym 0.47+0.30 0.27+0.06 A5
0.49~0.95 pm 0.53+0.14 0.410.02 ENED
Hh
0.95~1.5 pm. 0.34+0.16 0.45+0.12 ENIE
1.5~3.0 pm 0.44+0.21 0.63+0.09 AR5
( ) PCA/APCS
NO;~ NH,” WSTN  WSON 1
PM, 5 , , ,
<0.49 pm 0.49~0.95 pm 0.95~1.5 pm , 5
PCA/APCS ,
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Table 5 Main contributors to each factor
A A F Fi F, F; Fa Fs
Cl™(0.736) S04%7(0.905)
NO;™ (0.887) NH,4'(0.880) Na'(0.966) JLE K (0.812) WSON(0.896)
049 FETTHRSH NO,(0.801) 03(0.894) K'(0.930) iR 5 (0.383) 8 UL (0.290)
KA E(0.756) S0,(0.638) Ca®"(0.944) K3H (—0.812)
CO(0.584) AHAT IR (—0.918)
F BT (%) 24.986 48.099 66.836 78.228 85.034
Az ¥ F F, Fs Fy Fs
JCZ 1#(0.886) WSON(0.381)
K'(0.933) Ca®"(0.703) S04 (0.542)
———— C17(0.838) 05(0.777) TR (0.613) CO(0.734) NH,4(0.921)
0.49~0.95 um NO; (0.901) S0,(0.794) K (-0.856)
NO,(0.777) KRAJE(0.727) Na’(0.255)
AELBE(—0.719)  HIXFIR B (—0.956)
Ft BT (%) 30.126 52.713 64.551 75.892 85.795
RiAR SR F F, Fs Fy Fs
S0,77(0.955) C17(0.857) WSON(0.903) Na’(0.900) 18 % (0.560)
JLEK(0.712) NO; ™ (0.820) 03(0.699) K*(0.683) KU (—0.842)
0.95-1.5 um FETTHRSE NH,'(0.973) NO(0.787) S05(0.774) Ca’"'(0.788)
fiE L (—0.789) CO(0.467) KA E(0.558)
FAXIIREE (-0.924)
BT ok (%) 25.179 45.338 64.851 79.298 87.228
<0.49 um 0.49~0.95 um  0.95~1.5 um ;
5 (F1~Fs), 2
F~Fs , ; 3
; 4
<0.49 pm s ,CI" NO; NO, , CO ; 5 ,NH,
CO , CI' NO; NO, ,
[, 1 0.95~1.5 pm , 1
; ; 2
2,80, NH;" 0; SO, : (i,
, SO, NH, 3 ,WSON O0; SO,
[42]’ 03 , ,
, 2 WSON ,
; 4
; 3 ,Na" K* Ca* , :
Na® , K' , Ca* 5
[14,43,44], 3 3 APCS
; 4 , WSON
, , 6
, 4 ; WSON s
5 ,WSON
0.49~0.95 pum , 1
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Table 6 Multiple linear regression equations for predicting the concentration of WSON using APCS

BARE

WG I

R

<0.49 pm
0.49~0.95 um

0.95~1.5 um Y=-2.497-0.036xAPCS;+0.020xAPCS,+0.196XxAPCS3—0.005x APCS4+0.041xAPCS;

Y=-4.182+0.064xAPCS;—0.001 xAPCS,—0.065xAPCS3+0.055xAPCS4+0.393xAPCS;5
Y=-4.860-0.055xAPCS;+0.137xAPCS,+0.080xAPCS;3+0.225xAPCS4—0.604xAPCS;5

0.809*
0.910*
0.805*

: APCS,(i=1, 2, 3, 4, 5) i APCS(

<0.49 pum , Fi, Fy, Fs WSON
, : F>F(>Fy;
WSON
(
) Fi(i=1, 2, 3, 4, 5)
F;
WSON <0.49 pm s
WSON ,
0.49~0.95 um
WSON ,
: Fy>Fo>Fs,
WSON

WSON
I, F3  F,

) WSON

WSON 0.95~1.5 um | F,
F; Fs  WSON ,
. F3>F5>F2; APCS3

>

WSON ,

>

WSON 0.49~0.95 pm

PCA/APCS )
WSON
WSON

; 0.49~0.95 pm

<0.49 um
WSON
; 0.95~1.5 pm
WSON
WSON
WSON

s
o>

4 FEL

()6 WSON ,

i APCS; ); * 0.01 « )

©) <3 um WSON

> >

0.49~1.5 pm ; PM;  WSON/WSTN
0.17~0.76,

(3) PCA/APCS- ,

WSON ,

WSON

, 0.49~0.95 pm

<0.49 um
WSON
, 0.95~

1.5 um WSON
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