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IR AELON IR NH3 HEBoTRR 2 A I50E S R TR R 7 A8, DR S v] e s I Ah 1 MLsh 4 A AR AR IR A HEi ot
Wk AT HE—AUEER =AM AR, TR AR IR NHs YRR

KR BR=MA; BILRSMYS; PMas; BAREF (NHe); ARG R

DOI: 10.16258/j.cnki.1674-5906.2022.09.014
RESES: Q948; X16 N EARERD: A MEHRS: 1674-5906 (2022 ) 09-1840-09

SIS VO, Sk, AR, APl KIERL, BYY, =B, IR, B, kT, 2022, FETAEMAL R BBk = MR
XA PMas H NHRIFMAT[I]. AESIEE2E4R, 31(9): 1840-1848.

JIANG Ming, ZHANG Ziyang, LI Tingting, LIN Boji, ZHANG Zhengen, LIAO Tong, YUAN Luan, PAN Suhong, LI Jun, ZHANG
Gan, 2022. Source apportionment of ammonium in atmospheric PM2s in the Pearl River Delta based on nitrogen isotope [J]. Ecology
and Environmental Sciences, 31(9): 1840-1848.

2 (NHz) YEMIEHERMEZA AN (Guet
al., 2021), R P EEABMMESAE ( EHSE,
2018 ), fig SERMAR (U SO, NO, ) FE& A N,
AR . BRIR S . WSFR L F IRICHLARIA IR
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2021 ), J& PMas BT ELL R4, %) 2556 B TE Al H
HEZEWNTTE . B TARN IR, SR
T (NH4") WAEAE, (AT Rl Fkr 4 o7 EL W 14
P a=230 c N1 N =213 N Wl N DGR E (-
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J5, HAHE R EIAF] 8.5 Tg, (5 MHEEY 87%,
HPEGHRERFWH 5.3 Tg (5 54% ), i
LA HE L 3.2 Tg (1 33% ) ( Huang et al., 2012 ),
W E SR X3, A5 HEOE 5 el rAS TR, Jbst
RTINS A N S e e e G R S R
HEBOEXT R %, HAP- S HE il 53 S0 2 At 1 X 1)
12 F5 80 7 4855, (B4 TR NH; HROR ki R
FEFYE, I EIS 70%—90% ( Zhou et al.,
2015; Yanetal., 2020 ). T & HEH FHHAF
TER R E M, XA E T _E 5 IR AT
Tk TPk, SRR XT3 A BT
Hik ] BEWEAAY (Huang etal., 2012), filtn, T
SEIMAE Y R B, M e HE AR A AL
S 4EHER NHa (9285 5 0] 58 7™ FARAL T H B S HEK
it (Huangetal., 2018a ), iy KT, Lk
ZEHEL NH; ) 5 i e A4S 1 17 £% ( Farren et
al., 2020 ), XEERFFERFR LN HEFUE S 7Y
H T b XK NH fAFE e, ARl iy & %
PEARTT 200

AR, BE R (PN RN R REREVE I —Fh
H B s ik, Tz T NHs F NH4 R
A4 ( Felix et al., 2013, 2014 ), FEI5YLH
JIrHERC NHs HAAIERRY 6N $540 ( Felix et al.,
2017; Elliottetal., 2019; Bhattarai etal., 2021 ),
A3 0 E AR NHs sl ) NHy 1Y 6PN E, 3
A FEHREXT RS, NH; il NH, HIAER TR
#5140, Berner et al.( 2020 )i i3l 2 6'N-NH; % NH;
HIFEAATIISE , AR IET 52 [ 30 Tl AR Tk
i (55%+6%). HHESCT NHs Al NH (1 51N J&
FEMTIFR R ZE e AL T b T, DR 4E
e T HIIX . 40 Pan etal. (2016) &y T RS,
NH; 1) S"N-NHURMET 5, $8R T I a etk
J NH; S&:db 30 i 55 58 B 0 B ROk R, BTk b 6]
ik 90%., S EIF XA, BR= XK
PM, s W BEE A AT EAR, FLIRTH A NH; MR
B AL T AL IR, HEUIKIR R BR — Rk
Yyt e i ARG Z — (Yanetal., 2020 ), K
E— 2R R = KA s g, $i s AU
i, TSGR 4R i — 2P ARSI AT A,
CRFHET 0N HAR MY NH/NH, SRR fL 752
PR oK o

AW B FEE 1 53 AT R = A X —— 1
KA Gl ) KA e &, At 9°N-
NH4", T DU B ok i i ROl i 5 AR ARl
TR NH; 3RS NH BRI ok, BFoe 4
TR X B = A DX 3k A A0 B0k 4 75 Y T AL il LA
Ko il SR mek ) ol e A AT EE bR

1 #REF*®
1.1 HmRE

PMas FE &R 5 T AR 48 S L KA gl
(22.7279°N, 112.9290°E ), iZufif; TSI i Bk 4
AR, BT ERIL = A X el 5 o SRAEERT A A
2020 4£ 9 H 20 H—2021 49 A 15 H, Hbs 6 K
FAE 1 REES,, BRUCRAERTK A 24 h (109:00 JFEE ).
bR A T K PR FERR VSSSM-1( L ifg
LA ABRAF ), RERER 1000
L-min~', FESISCERTEADEUEIE I o A0 u8 el
T AR AU B T 450 CHghphdr, Fiki 4—6h
DIBR R AL R A AT, Tbe /5 1R 3 =R
PR T VRS A 24 h, R KR R
FERCRAESG, FRUCGHEATAREE . SRAERTAFRIS Y ot
ZRIRPERAE PMas i, e fRAFT-20 CukHd
HRE
1.2 {=ZE44H
121 KREWSTFHH

YIBCEAE R 24 mm AOGICIERRES,, BT 15
mL B0, A 7 mL @B 4K S A KK,
P AR 30 min o KR A HUE B _E VWS PTFE
(FLA2 0.22 pm ) JEMETNE, WCAEIEW TS B0
B, SRIGHEI 7 mL ALK IACA JEAR A B O
BHEE FRERE KPR IR T A
TIKEEME B T4 H7 o >R 3 738 761Compact 25
FEGE, 4HTBH BT ( Nat . NHy " KT, Mg, Ca2")
FIEAE T (CI', NOs~, SO ) Fi. B 10 ML
IR E 1 AREE, TR BT AR 225/ F
4%,
122 RITESH

TCHLITZE AR PE Eland 6000 187 #54
EE RPN E, W TR FEA Ag. As. Ba,
Be. Cd. Co. Cr, Mn, Ni, Pb, Sb, Se. Sn. V.,
Zn, Ca, K% 17 %, UIBUEAE N 24 mm A9f7 58
JERESL, BTSRRI AT 3,
R A 12 mL 70%A5 R AT 3 mL 65% =7 5808,
RBLIERRAE S R I TIR A o KR SR IEIR %142
Je, InFAE] 190 C R ZIREGWAE T, HIA 2mL
15%fHR, 7670 C A 1h, FRRMERHEH
A2 15 mL BRLE.OE T, IRIAAFE 4 CHEIRFMT
FF EALE . B 10 AFESREIBEIE 1 RES
( S%RHIR )o ANWFFE BT A KL HIFR 4 0.01 ng'm ™,
MEIRZE/NT 5%,
1.2.3 A#EK (OC) FeuF# (EC) 447

WKLY OC . EC R FH A iz =¥ S o A AY
( Sunset Laboratory Inc., USA ) %E . K HHFHOGIE &
e, THEFEFE )7 NIOSH-870, fEMERE =2



1842

HEARTIESEI A6 31 B 9 (20224E9 )

HIE, FHASTRIHR B ERE AR I R A T I o BRI 10
MREME R A 1 AN BRI LRI 2 A
FE o ASLER OC F EC Kl FR 435127 0.13 pgrm™
#10.025 pgm3,
124 S§"N-NH, Rz Zm % &+ A 6 "N-NH;
NH, R R o 3 F—E b — A (N0 )
PR Z 0T (Livetal., 2014; Panetal., 2016;
Liuetal., 2018 ). ¥ (1.2.1 & IFAYIER ) ThHY
NH4" S 53 IR FR £h ( BrO™ ) %84k k0 fif AR £
(NOy ), SRIGTEMBRAAI T, ¥ (NH.OH)
NOy EmFAEN N0 FZH =AY NoO SR HIA]
M Z R (MAT253, Thermo Fisher Scientific,
Waltham, MA, America ) i N, &S AEXTTH5R
HEME R SPNE TR

it = [( ISN / MN)Sample / (ISN / MN)Standard - 1] *1000%o

(8N-NH}) —

(1)
FH TAEA N1. USGS25 H1 USGS26 3 Fit# Fr
SEPRUEIATRRE , MER) 0PN bR Z/NT
0.3%0. O°N-NHz {HIHEARUT :

Wiasnanmg) — Wesnonug) ~ Enmonny) x(1-1)
(2)
e
£ty — MR BT, (DY

+33%o (Panetal., 2016 );

S—WItR NHs A B FAm L, Ascrh
() £ 2% B2 2014 )IF5H9 NH3/NH, LU fE
BT RS,
1.3 #EESH
1.3.1 FHAEHM (Random Forest ) BEA

FEHLARAK (RF ) %12 Breiman 42t 1 —Ff
T AR I LR > k. iR
Bootstrap FHIAEFEA , IR IR VI ZRFEA A i+
£ SRJG XTEE Bootstrap AEASHES T HR SR A2 Y,
BEALARAR, S 045 SR Y SRR 4 A5 o3 T
(Breiman, 2001 ). RF AN T3, din]
N T EE T, BEiE— R4S IR AR 2 (] 1Y
AR BN . AR “IncMSE” ( Bl Increase in
Mean Squared Error ) BEMEHEFIE, LIRS PMas
WA AR R i, T AS X PMas 1)
FEXTEEME, L, AN R %A Y
PEBR (BRAHEHESE, 2021 ),
1.32 N e+#r (Bayesian ) R ZRAHEA

K Bayesian [A){7 RIS A E A NH;
HERCIRAE & NHs H i 5 1 Eu ] B R Rgs R S

T 0N sy EEA T ELER, (PR B i 2 o 22
(0.5%0 ) INIIME ., Bayesian Hi7I% &) 3 BLHEHOE
FFEAY T RRGER | IRk Re . MLBhAEHER . HEAE
R FY) , X Y 0 N-NHs 3 TG 43501 12%0
( Kawashimaetal., 2011 ).—2.5%o( Felix etal., 2013 ).
—3.4%o( Felix etal., 2013 ), =50%o( Liuetal., 2018 ),
—29.1%0( Liuetal., 2018 ). —37.8%o( Liuetal., 2018 ),
1.4 HELZRFERSKER

SLHAEIAY SO2. NO». NO ZEFELEdE KK
R AR R TR B RROKR R A
BRI BT R B LR A AR 2 s

2 #REIHE
2.1  NHBI5R4FE

TERAEIR], KA UK NH B R iR
Bl N 0.07— 109 pgm>, 4 & Wk EH
(3.39+2.21) pgm >, HiL T4FERT) M AEY) NHy VR E
4.5ugm AL, AR TR (BEEESE, 2014 ),
BT, M 2001—2019 4EAIE], T MIT <
Ve NH R BEFE IR TGS (STA) H b H
AW T HE (Yan etal., 2020 ), A58,
LRI SIA H NHL R 7 e F 2019 4R 1)
PN HbL DX SR FH AU T] N 9 HLA 35 10 25 AR ey
fE, 2MBATSKE>HEF>ERMaSE, HFH
Ay BN (4.30£2.49) . (3.58+1.40) .
(3.55+2.33), (1.56+0.98) pgm™> (& 1 FIF 1), &
A TRAG, B A NH, 0] RE2AKTE T8 FF NH;
YRR AH ( Xiao etal., 2020 ), 4Z=Wiki s Y
BB NH, W B B S = TS Y BB, d5e i AT AH 22 22
o BAR NHSOREAEL TS THMTET, HHE
PMas (7 LU TR IN, AN T 6.72% (& 1), X it
B, B AARINR TR T, HARAY
EYYIHEER I, T AR B RN OC
FEC Mysfhnas:, RILFEMER 7Bk = MR
RIS AR, REALARPRBRL 2 b H T
RS Y ) B LR 8 PR R A5 ( Houet all.
2022 ). AHEGE R FHBENL AR R SE T R Rk
Moy G H R FEREE R TS L1 RSB i —
AEINE] PMos ZRFLBIVERT, 45 B/ OC FARIEXT
K= A PMas B A AT S BB A5, EJIE T OC
VER KA EZW) IR =) PMys R EZE
MRSy AP, NOs™. NHy™ . SO2 253k i 197254k,
XFER = £ PMo.s W94 it B EEE52m, Horp NH,*
Xf PMas AR EZMEOR T OC Fl NOs™, =T
SO EM s (K 2),

5 E, NHy 5 SO H NOs e i, Hiw
IS 0 P2 ) 5 K P NH R AT 56, NHL e T
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Figure 1 Temperature, humidity, wind speed and direction, NH4" concentration and its proportion

to PMas, 5'"N-NH4*and §'°N-NH; values during sampling periods

;E 1 NH4+5 NO;—, 8042_*5%12
Table 1 Correlation between NH4™and NO3~, SO4*~
rpn— NH," 5 N-O{E"Jﬁééﬁ NH4" 5 prﬂ%ﬁa‘éﬁ S04
Period Correlation between Correlation between NH;"™
NH;"and NO3~ and SO4>~
#K Autumn  2=0.64; P<0.001 2=0.39; P=0.031
£ K Winter 2=0.85; P<0.001 2=0.52; P<0.001
#HK Spring 12=0.76; P<0.001 12=0.55; P<0.001
HK Summer 7°=0.34; P=0.076 77=0.36; P=0.065
4E44 Annual ?=0.77; P<0.001 ?=0.44; P<0.001

B

S
Parameters

SOZ RSN, 4 NHyVREERARET, =9 2D
NH4HSO4 N+, 4 NH B SR, NH 6 S04 e
WA NH4HSO4, 2Z2J5 FARGEFE L A(NH4)2S04,

FIAH) NHa F5 NOs UW A AL NHaNO;, [HiiE,

W NHs 5 2xSO.2+NO; Wk i 2 Lok 3
RRAH NHy R AT 5 AR AR hix (a4
IR T 1, BRSSP NHSOAE AR sk
52015, 2017 4 (Huang et al., 2018b; Chang et
al., 2019) BR =AAAHICHIRGRLRNT L, AR T4
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Figure 2  Effects of various factors on the generation of PMz 5 (from Random Forest Analysis results)
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7% NO; /8042 >1 5 HAE A —3, LA T5 Y
B, fSFRER TRk R AR AL . FHLARWFFE 41y
NO; /SO AR T 2015 4E, R 1 ARk %}
Tl REU— RN IHE . 7= b Z5F T+ S5 it
WIVLERL, DA KHLsh G 2 sy, SCEAEH
BRI HIREETE YA A B 4T, @it s
NH4 "5 NO; ™. SO& MHISERE (£ 1), LI NH,"
5 NOs MM (£=0.77; P<0.001) & T NH, 5
SO AR (17=0.44; P<0.001), 7EAZFHLR
B2 R ERA 0.85 (P<0.001), EHILFERS PP
RPILL NHaNOs A, i 42k NH4'7E SIA
o7 USRI, TEEARET, AT = MAHIX K
S PTE YY) NHANOs =, W HI RS NHs 1)
FERYE, IR o NH MR, i
U=y E N ST R €A
2.2 NH/RNLE4FERZmEZE

SFREIR] PMas th NH ) 0N (& 75 Bl N
~14.55%0—18.82%o , AE-IIEHH—1.61%0+8.04%0. #5111
KA MGG 2020—2021 4E[H] NH4 H) 0N 5 H:
Pl i DX T A28 SR LA ] e, VR R B Y
(Pan et al., 2016 ), Z=1Afbia#h -, EMHALZE
WAL 6N-NH,™ 28 4k e K ( —13.27%0 —
18.82%0 ), H ZHR Y H 9 N-NH4" (1 A28 £k fz /)N
(—2.32%0—10.94%0 ) i, Hdbm&d, By
B K A5 e RWFFE A EF AR (Pan et al., 2016;
Panetal., 2018a), Z5A FidA R NHy W
JEARARIR R KIS, DEIHAZ: NH ORI &2 4,
P FEOCA P NH; 19 0PN M= 2, WF5E
FH, OON-NH,EH S NHy RS INA #5509
FAI (Xiaoetal., 2020), AHFFH 6""N-NHs{H 5
NH, W E BRI R (P=0.041), BilHT5%
K PN JHFES NHS B ZEA L (Pan et al.,
2018b; Changetal., 2019 ), fil4n, EEH TR 2021
17 6 H NH, BTk B iR ] KA 10.9 pgm ™,
PM,s JoT £ Vi A1 3K 31 SR AF 30 18] 19 B K 110
pgm >, H SSN-NH"N 9.19%0, 5IFH HAb §'°N-
NH, HH A ) e /ME . ' N-NH," iy 7251k 22 57 7] fig
FE7R TG YR 5 AR T5 YLK NH; Fe I AYAS [F] 52 NH;
HEALF BRI NHS )RR o BRILZ A, BEZTY
AR RS YL IR AT O SN-NH, G B 520, a0, Sk A
FAVHER R NH3 ¥ B 0 A7 P58 it AE i)
S ( Xiao et al., 2020 ), 7EJUHIATHIIX, &2
NH; VR BEFE T AT 8 i 1 BSR4 Skt
WLYER (Mengetal., 2017), TEEZ, EiRIF|
FRABRLH NH4NOs 50, I E0R 4 rh
NH, B3 BE A Yan et al., 2020; T H8A4E,2017 ).

NH; SR AU Z BR Y RTIRYI R, i85Z

KA (JLHUERE ), M2 6'°N-NH,
fd (Yanetal., 2020 ), WIZEVGZAOMFS LI, TREE
HISN-NH 2 B A (EESE, 2022), 764
WFgEH, ON-NH(HS5EE | BESFEIE Rk
AW AAEEE (P>0.050), HE5&Z HZERR
FEASE A TS5 A (0.040<P<0.050 ), ] fiE2H T
JUINJE TG B RS, WARRRE W, R
JEARE AR ETE, HME 1 AT%0, 7E 2020 4F 12 A
20 H—2021 4¢3 H 20 HZ 6], EERAL. FHxXHE
FER /N, oN-NH,EASEIRIZL, AT T
LI R B ARRAG, KA FRFIRE, 54
ANGPH, Sk AFFHERCRE NHs 76 241 & R
£, WM E 0SN-NH, Bt & A= A S A8 1k
2.3 ET 5°N B NH: EEREHT

FEF DU B R AR AT 4 () R NH TR S H
di LN 3 Fios e EZERIERT 7 PR, Ll )i
FEHEAO IR s Ho gl I8 5 e 36.26%, G4EE M
(23.92%+15.34%) FHiti I (12.34%+5.86%); L4
P55 T 63.74%, BAE A RS (12.71%+3.63%),
EBREE (14.70%+5.38%), PLEIAHERL (14.24%+
5.55%)HUEFY (22.09%+12.48%), FEBIAEAL 5
PR = AL E R, 5rp EHADMBIX A L, 2R
=AMAAATR (HLsh G ) NH; 5 FUAR b 5tk
X (37%—52% ) (Pan et al., 2018a), —J7H#ESIL
KA MG Bk = fa X3k, 447 IR NH; 578k 5 L
Bl HELEIE XK ( Pan et al., 2016; Bhattarai et al.,
2020; Chen et al., 2022 ); H—J, dbr&ZH
BRI A TR HE B R R R 2 — . & 3 i s
TR ZET RO X RS NH; B3 5Tk, wT
IR TTER AL R . BRI STEk IR (5
HE IR 40.44% ), FEH5HEERFHMKEHFHELA
Ko ZFHELM IR DTk (A BHERR 67.71% ),
JeH A ZEE G YR 2021 £ 1 H 6 H. 1 H 12
HF 1 H 18 H, dELMl IR TTEk 73500k 88.20% (H
ALl 42 HE T TR 31.20% , A= W R R B R
27.70% , BERBETTHR 15.10%, IEFY TTHE 13.20% ).
90.80% ( H:AWLB) ZEHETTHR 39.40% , MK e DTk
35.60%, EWIFEREETTER 14.40%, JR 39 Tk
1.40% ). 86.30% (HLBhEHERTTHR 37.20%, A=W
PREETIRR 26.80%, AL TTER 16.80%, EFHH)oT
1k 5.50% ). S5 R IAMAR L, S5 YRR
TRk N 1.5—2.5 £, HAPpLsh 4 Hemoimk
BT R, EARE R 2—4 £, K 4 BRT
SARURL P NH, R B 5 A% K NH; 19
SN i, A&ZEI5YL A NH, Mt ik B 4R A%
{H, H 6" N-NH; fEXTN K—10%0— —2.5%0, HI7ELL
AR (HLBhZEHERC . BRIEHER ) Smoc(E X RN .
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Figure 3 Annual and quarterly contribution of each emission source
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Figure 4 Relationship between NH4" concentration and 5'"N-NHj3 in different seasons
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Figure 5 Comparison of NH3 from non-agricultural sources based on isotope and source inventory methods

in typical regions of China
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Source Apportionment of Ammonium in Atmospheric PM3 s
in the Pearl River Delta Based on Nitrogen Isotope
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Abstract: Ammonium (NH4") could promote particle formation and hygroscopic growth and is an important component of fine
particles (PM2.s), but its source contribution is still unclear. There are some challenges in accurately analyzing the source of atmospheric
NH4". In recent years, the source apportionment method based on nitrogen isotope has been widely applied to the source apportionment
of atmospheric NH4". In this study, Heshan atmospheric super-station in the Pearl River Delta was selected as the research site to carry
out a one-year collection of atmospheric PMa.s samples. A total of 53 atmospheric PM2 s samples were selected. Based on the analysis
of water-soluble ions, organic carbon, elemental carbon and inorganic elements, the 6'°N value of ammonium was tested. The results
showed that the annual average concentration of ammonium at Heshan station was (3.3942.21) pg-m>, ranging from 0.07 to 10.9
pg-m 3. The results of the molar ratio of ammonium to anions showed that Heshan region was rich in ammonium, and the results of
random forest model showed that NH4" had an important effect on the formation of PM2.s in Heshan region. The 6'’N-NH4" value in
atmospheric particulate matter ranged from —14.55%o to 18.82%o, with the largest variation in winter (—13.27%0—18.82%o) and the
smallest variation in summer (—2.32%0—10.94%o). The source apportionment results analyzed by Bayesian model showed that the
average annual contributions of agricultural sources (livestock and fertilizer) and non-agricultural sources (biomass combustion, coal
combustion, vehicle emissions and waste) to atmospheric NH3 were 36.26% and 63.74% respectively. During the heavily polluted days
in winter (January 6, January 12 and January 18, 2021), while the NH4* concentration reached the peak of the whole year, the proportion
of non-agricultural source emissions also reached the highest level of the whole year, up to 90.80%. Among them, the emission of
vehicles was 2—4 times that of the clean days, indicating that fossil fuel combustion was an important cause of pollution events in
winter. The contribution of NH3 emission from non-agricultural sources based on isotope source analysis method was about 7 times
that of the emission inventory method. The emission inventory method may seriously underestimate the emission contribution of
important non-agricultural sources such as vehicles. In order to further improve the air quality in the Pearl River Delta, it is necessary
to pay attention to the emission of NH3 from non-agricultural sources.

Keywords: Pearl River Delta; Heshan atmospheric super-station; PMz s; ammonium; nitrogen isotope; source apportionment
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