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Abstract: Brown carbon (BrC) is a kind of important light-absorbing compounds in atmospheric aerosols. It has
significant effects on atmospheric photochemical reactions and regional climate change. In this study, samples of
fine particulate matters (PM, 5) were collected in the winter of 2017 and the spring of 2018 at the summit of Mount
Tai. The light absorption coefficients of brown carbon and black carbon in the samples were measured in a
laboratory and the concentrations of nitrated phenols, a major component of brown carbon, were also determined.
The measurement results show that the average values of light absorption coefficients at 365 nm for brown carbon
in PM, s during winter and spring on Mount Tai were (4.61+2.42) Mm ' and (2.38+0.98) Mm ', respectively and
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the mass absorption efficiencies at 365 nm were (0.72+0.12) m?g and (0.52+0.24) m?/g, respectively. The
contributions of the absorption coefficient of brown carbon at 365 nm to the total light absorption of carbonaceous
aerosols in winter and spring reached (32+7)% and (20+9)%, respectively. Based on comparison and correlation
analyses, it was found that anthropogenic activities from the surrounding areas had considerable influences on the
optical properties of brown carbon at the summit of Mount Tai. Particularly, coal combustion processes in adjacent
regions strongly affected the brown carbon on Mount Tai in winter. A large amount of primary organic matters
released from coal combustion enhanced the light absorption efficiency and the light absorption coefficient of
brown carbon and led to substantially higher absorption coefficients and absorption contributions of brown carbon
in winter than in spring on Mount Tai. According to the determination results, the contributions of nitrated phenols
to the absorption coefficients of brown carbon at 365 nm in winter and spring were (3.5+1.2)% and (2.5+1.0)%,
respectively. Among the 12 nitrated phenolic compounds, 4-nitrophenol was identified as the largest contributor in
the ultraviolet and violet regions, whereas 4-methyl-2,6-dinitrophenol had the largest contribution at a wavelength
of 420-450 nm in the blue region. The contribution of nitrated phenols was relatively small, indicating that most

brown carbon light absorption came from other organic components, which require further identification and

evaluation in the future.

Key words: brown carbon; absorption coefficient; light absorption contribution; nitrated phenols; Mount Tai

0 51 =

KA EA W OCERON, AMUBEE I
DR R I AR PHAR ST . BRIR KR RE N, B4
KA AR L B RS — i
Mg (black carbon, BC)J& KA AE I H f 21K
eI, HOBIRIREE O FilRESMAE Co, HE
CH, HISM ., 53] i) 4 Bk 4 A 28050 7 TA R A LK
(organic carbon, OC){{ A Y HUHE Y, Hir —+
SRR EOIIERY, H A HLEKR B A Gl EE
PRl L 731 €7, 5% A 0 T 9 R R A% €3k (brown carbon,
BrO)P!, ek XoF K PH 4 B ) B Ml vT S 3R R
KR, T L BE A A e R R AR B AR X T R Bk Y
B ABON AR AT TR, OGSOV T AT 2 5 ) e v
P X B RS2 O Fl = FE 8 RS
AR H TR BT 5 A BORMR B 1) — AR,
WRIET A AR S 21k, TR AR
TRARZ O A2 oy A 210 B AR il XA (A Bl 1Y)
AR REVE DL RN R i 3l 5 52 e 2 0 Y /i R AR
SR Z —

Jot R W SRR (mass absorption efficiency, MAE)
FIIZ e 2 %X (absorption coefficient, Abs)te: H T IFAh
P (LB AR S 5 38 A A 2O 28, DI 5E 4
th L R R B A O R SRR R S R R R Y
e 25 S R XSRS [ SR R A9 A% e 1) Dl 2
J A WL X o o an, 7 5 RS 2R 5 O R A L

MWWFFE R, WO T 365 nm AL F5 A 6k
MAEsqs BIFEEI 210 0.1~2.6 m?/gl'7 2% i 52 56 5
PIWFFEHE B, A=W ot DL B I T R Joe 7= A 1) A €6 e
MAE ;s X145 155 (0.9~4.1 m*/g)?' 22 YE1/F 42 1l X (4
FRARN) A ZE, T AL 5 SO RN A= ) SR et
F14) T AR S MR RS, PR I A Z At 0 il 1 o I Ak
KA e E 2, et NI,
HLH 2 A ML A A B R b et i TG fE
BP0 R I B A ) R R AR — A
filko WAk, o TAA RS A Y Bk B HE T R i
PR BRI T, ARV . e I b DX o 1) JoT i I LA
&S TR Yl N <51 R T E NS B4 o S
398 i DX ) A € Bl 1 JBE e A WSCRA R A i T AR
iz 115 X020 e ik g A 22 4505 I e W S8 %
PURHBLE 2745 22 57 B KSR AR, ARG 8 534 5%
PEXTISCR B . RASAFABRTE 365 nm b
) W WA 22 5 (Absses) B S FL 299 0.5~52 Mim 1202526
— AR A iR B e (T RO S AL S IX A2 1k
AVRREHR B 5 Y W HE IO 32 AR XN L ROk
P HECE AR, AR A ak I R B K T 2R
FIRE 0 X 528t ah, f i B v B A AR AR A
WOR R B R, 7E— S XY 4 B A R A I B
HOR P B AR = B R AR AR IR R

i Bt P TR M R 5 2 BB b 1 AR 1, A
S0 RIIE 58 A0 DX ISR 5, R R AR AT R Y AR TR
R R BT, IR A, R IR
SBOIR v A €5l R W 32 48 B (A AE) I B VS Bl —

Geochimica | Vol. 49 | No. 3 | pp. 262-272 | May, 2020



264 Wik e g

2020 &

3~7U1529300 R ) Sfe A Gl 1) W SO B8 A B 2
S, Ho AR SRR A T 1 W AR B 1 (7~
18)12% 1, i S Ak 9 YR A ML e 1 MR A 32 4 5 )
BARA R 4.1, 86, kMRS HE B = %
I 3200 5 I =X ABL G P BBl R i, T L i o
BU pH (B BEAR I 38 B34 S JUAR (Y AH DG 92
W, AR i ShHE RS Y B b i A i 55 A1 X
O KA OB AR sTk ek 3 . e 4l
AR, S A . 5% i A v P A M X A2 A
Yy I AR 7 TR W B B (R TE. 400 nm BRI X
Vo I SIS R B BTIR L R 27%~46%!1>2073301
5 22 R DX A8 30 B X SR LR FE 350 nm Ak Y
JE TR 1K 20%~40%7, i T [E Ik 5T 4 Z 2 R
M B B G B ZE 370 nm Ab A I BTk R ik 46% %
BEAh, B TR L ik X 75 YL i B (R 7E 365 nm
A 1) W AT BT R R B T B ST A ) 22%~35%, A
250 5 0] LG LAY SRR i 8~15%),
IMi Feng et al.P V| F&BRR SR E A, fit
WA AS IR I AE 370 nm A GRS R FE R AN 56%

HAT, TR OBk TG 2 R B 48 R A
PREC 2L, SR IR AT 12 i
B, T LT B A A (B I S5 SR s, -
Xof A G 3 B A RO G TR R A T TR0
FAh, O MR ST K 2 v e RO AL 56 45
TRHIIX, 1 AE TR R AR i Y™ A A b L X
WA B =, Hfple /> o A € B LA B 43 403000 5 LA
KTk PEAY . 28 11 A ARl b DX e s HL 3
e, WFoE A kR R B G2 E 4R, A B T I B
TR T Sl w8 LSl 5B (0 Rk 1 R ), ) 3L figp A
A0l DX €8 Bk 1Y) D' 27 RO B IR B S A T A o
X ARBFGEAY BT 2017 4EAZEH 2018 42
TEZEINNTIRAE T KA PMys BEG, DIE T4 A b
MW R, TR R ROBCR S S8, BTt
BB ZENT R 22 5 M HSE i &R, AR
e TE Rl J03 I JE T B W BTk, I A G B o
B R W 2 A0 A PO LS AR AR ARRAE

1 SEEe Tk

L1 RER, BmXEESELNE

KAl R T Ll AR AR A T A L Ll T H O U
(36.26°N, 117.11°E, M4 B 1520 m), Z& LA T5 T
Z i XL ES, FEdvih 5P TAE . BL . T

BT CRIRR X A0 A 5 L) KR Rk 4
PRI T, DRI 1 0 s X Tl SR P R . R
FHASCR AL B SR | T8 P3N 4 e R A HE ik i
Yy, TRy IE kP Sl KA R R B A 2R 1
R

S FH DR T Hp i i SR A 4 (TH-150A, KT,
HE R, (A A 4R RCR B2 KR PM, s AR,
FREM AN 100 L/min, SRFERFE Ny 2017 442211
1MH28HZE 12 H 9 HU MK 2018 FHZE=3 H 22 H
F 45 Ho KA PMys FER M ERIEST RAE, H54>
FESL R 11.5 h (K 07: 30~19: 00, #[7] 19: 30~07:
00), FLR4E PM, s KEM 44 4, Hh & 194, £
250 RIEZHL, AJLIEBA S IRy T 600 C
FlE T RBE 2 h DABR 2L 1 AT AR B BL P
FFEZ G PMy s DR EARE 5 FH I & S8 Th 4R Aty ot
FHE OAR% S, E T-20 CUKMHEPRAE, S5
SERYFRE . TALERS fbaE A AT o

SRAE B[] 2% 1Ll 5000 IR U S R S EON TR
IR W3R, NO,. NO. CO Fl SO, ik B %4 53
SR APT FIARHL A A IR AR BT AE e
DA, PM, s ¥ FE At FHSUR ) [ 20 1R A MUY (SHARP
5030, #HL, SEE)LAFELINE 515, FERMMH
£ B ISOGRE 1 (Model 5012 MAAP, #vH,, E[H)
TELDE T MBI B, 28 T T R 0E A 1) R
TR R B AT X L

1.2 BESBEREHEXRBEULSHHNE

RAEZ G PM, s BERRRE S A 2 FL A ARE 2 cm?
MR R, A OCEC 43 X (% 227 OCEC 43 HTX,
Sunset Laboratory Inc., 3€[E)H, KA E#EES R
NIOSH 5040 {0 B3I 22 A #L 8% 5 T % ik (element
carbon, EC)AY & &, 5 i 72 v A — 2 5 1 FH o
PR SARAE R AR S A — R I R A LA A G
ZORAT S, P00 R R e BE A0 I VA TR A A a2
BRI s 25 e . TS . AR R R R
VR AL A HLIR (SOC) 5 — A HLER (POC)AY
W, T IR 8215 e R T, A

SOC = OC—EC % (OC/EC)min (1)
POC = 0C-SOC ()
X, (OC/EC) in MR EEWIE] OC/EC Ho M 1 f5e/IME o

TR PM, s JEAREE S, BYRREICAZER 15 ml
PP I B B R, R IR BB R R AR R,
L3R, K RBORIEZE R4 £ 1 mL, TSUEE
ARZEILT, HEMA 300 pL HEEHTESS, 155

Geochimica || Vol. 49 | No. 3 | pp. 262-272 | May, 2020



£ 34

ERGHE RUXSEFEHRAERETE. RATKEZEEZER 265

PM,s A i SR IO . M s R i B IBOBUE S i 34
YRR €233 - % 166 A (UHPLS-MSS, #AHL, S5 [E]) %
12 A EZ AR ER B A S W & s 3 T E,
F5: 4-fiFE W) (4-nitrophenol, 4NP), 2-H FL-4-ffFL )
(2-methyl-4-nitrophenol, 2M4NP) ., 3-H 3 -4-ff F
(3-methyl-4-nitrophenol, 3M4NP) . 4-fig J& JL 45 B
(4-nitrocatechol, 4NC) . 4- H 3t -5-fif J& JL 7%
(4-methyl-5-nitrocatechol, 4M5NC), 3-H FE-5-f % JL
2% W1 (3-methyl-5-nitrocatechol, 3M5NC) ., 3-H %k-6-
fili 3 JLAS B (3-methyl-6-nitrocatechol, 3M6NC) ., 3-ff
oK ¥ 12 (3-nitro-salicylic acid, 3NSA). 5-fiH/K4%
/2 (5-nitro-salicylic acid, SNSA) . 2.4- — fi§ 3t By
(2,4-dinitrophenol, 2,4DNP). 2,6- — Fl 3L -4-fiff 3L i}
(2,6-dimethyl-4-nitrophenol, 2,6-DM-4NP)#l 4-Ff Jk-
2,6- — fi§ & Wy (4-methyl-2,6-dinitrophenol, 4M-2,6-
DNP) . 43444 Atlantics T3 C18 #(2.1mmx150 mm,
3 pm, 100 A), WA EH H%BLIEMHEE, &4
1%IES 0.1% BRI AIK, i FH 7 2+ kst
BT MR AR, AR AR G DR R ) A A v il 2k R A7
FE A, OCTTRE fh TUAL 385 A B R R 2 A A i T
R Z PR A5 B 0T 2 L SCHR[43]

1.3 BRERSEHEEBELEYAEESHHNE
5it&

PM, 5 B i F B4R B WG RE A, fil TS840 mT
DLGEIY (USB4000-UV-VIS, Ocean Optics, 3% )ik
TIE, JEIETEE A 178~887 nm, G N 1 em,
i =0 3) T3 R AR WOE W vk B W I R 8L Abs
(Mm !

4
Abs = (A — A ) x—-—x1n10 (3)
IxV

a

A, V& PMy s B SR IO AR TR, v, 02 PM, s B
B RACRFEARR, D&M G, W2 Ao i i T8>
TR R . R S R SRR AT LA,
ARUMFFE IR B P KN 365 nm, I Absseso
PM, s FF fi ot F AR IS, B U A WL
BB M B Ay 8, IR B R ERRAL. S
SRR IS R BT X L, AR ST AR MIE B8
V5 o A TR H 0 A5 1 A L i 2 A R T LA A i TR
T2, A5 B0 KA R G 19 52 B I I R B
Baps, Brc” (bavs TR FR KA AP ME IR 25K
A USR% MAE (m%/g) 28 (4) 33 35 1),
Abs )

MAE =
Cwusoc

K, Cusoc A B BUR A HLER(OC) Ik & . A<
UAIFGE A T 1100 7 FR B0 v A LR Ak B2, R
Ji OCEC ZrHr{SimAs iy A HLis & e LA FR £ 0.851
PR R B B TP AT HILBR 9 5 f: (MSOC), {H A
[ i P P 2 B A WL S5 o vp R DL 4 I
HIEARKES, HEARRIE IS MAE
HAFFE— R, AR MAE 125 365 nm
Ab Y 5T R SCROR

WAL 35 B0 (A AR) ok FEAE A €20 Bl W AL 2 B3
WK AR, 5 % 310~450 nm 7 KT AN AY
Abs FI I (S) AT L P44 75 1 4

Abs = K x AME (5)

o, K25 R ) 5 e e B A DG IR AR BT
B HE R Wy 28 0B W R T W WOG B, TS
o 35 S T 2k 5 0 1) 7 e IR R R, AR B R
it 2 ORI SR I A A W VR B, I — 245 )
12 AR AL G I R B, IF SER AR
W R BB AT X LT

1.4 EmBRERBHEE
T/ B 2 R BB AR I TR I e 45 dE, 5
RN HLIRAE KT 660 nm PR TSR /IN<10%)P54),
A SR BBl B W I R B E OCEC 23 A AL 45 1)
660 nm Ak PM, 5 8 BRARE 5y b S0 I A9 0 o ok A 1 3
1) AT,
ATN  As

b § = ——X— 6
( abs)GGO,BC Cscax R Va ( )

T, (Babs)sco, o M ARG TC Bk (BC )il - 18 B A5k () Wl
e 2%, LW A (attenuation, ATN) = In(Iy/) x
100 (Zo F1 1 5353 R NGRS SR EE), Csea Ml R &
PSR T 3k 5 22 0 HUT A AN I 2 9 B8, A
HU W, 53 310 Ay 0 BB T AR DA B KR FEAR R . 3345 5]
F1%) PRl R AT 2R KR FH A 22 22 A B2 0 D66 BE T SE 1Y
R AT IR, —H 2R — Btk Rk
BB ISOIRTE RN 1, #E—DAh5E 365 nm &b 6K
LTI EN 8

2 RS

2.1 RLFEERPRIREE

K1 JRR T RINE FFZ RS PM, s FE 5 R
FE IO R B B R B Absses LA AR TS UL W)
W B AL B . W E TR, #8 IR RE BB 1

Geochimica | Vol. 49 | No. 3 | pp. 262-272 | May, 2020



266 Wk ee? 2020 £
| 4% PR 10 m/s
—~ 15 F mﬂ 1 ;\;
Q <
< A .
< 5| U"“/V\\/J"\,J,J\/\/\\wﬂ E
5. M\M ' E
Q o Y >
£0s M MM 22
dgmlﬁwﬁJ%NAﬁ I e
oy At "2
o~ 87 :
4'e
=3
Tor I I L 1

2017-11-30  2017-12-03 2017-12-06 2017-12-09

2018-03-24 2018-03-27 2018-03-30 2018-04-02 2018-04-05

Bl1 A FM R BRI Absygs . NO,y. SO, CO. PMy s VR LK AUGR S8 (T EE RV G BE) B 1 [ 7 57
Fig. 1 Time series of Absses, NO,, SO,, CO, PM; s, and meteorological parameters (temperature and relative humidity) in winter and spring on Mount Tai
RH S AH X0 RE ;6 A b f 4> 2 BE AR 24 /i

RH represents relative humidity; Each tick on abscissa represents 24 hours

365 nm AL RECRILIRE R, & BWER
LR R BE L2 50h 1.8~9.6 Mm™' Al 0.7~
4.3 Mm™ ' R BEIE S 5 R (4.61£2.42) Mm ' FlI
(2.38+0.98) Mm ' (CFHHHARESE), KBEEARRAY
WSRO TR, &2 i BORF (U 1 I
WRBARRE, Hb 11 A30H, 12A1HMIHHA
KU ZEC 5 T 8 Mm ' X AT R4
ZAF SR TS Y e BE e B, R 110 A A 40 R T
R S I B AT PR K, HAEBEE AR A KR
TR R S FO A A, SO, NO, LUK PM, s Wk &
KR, Feilbe 11 A 30 HAT 12 A 1 H, SO,
F PMy 5 F0 e B 35 (R0 38 31 1 00 00 300 ] %) e KA, 14
HH 2% 111 4% 2 A 00 e WA A 3R 0 o 1 P A0 32 B R R
PRI NI S sz, JUHOERR A v
B IR B HE IO M AR K

55 AN H A3 SR 365 nm AR (UL A dE A
Fb, 2% LA i 4 W Ac 2R 50 1 JH Al sy 1l B8 S5 b
X, AR T4 T R0 Tl X8 5, T I 7 g P
(3R 3326 m)4& 23 Y 4 RO P bl e I I 3R
B Absses BIEA(1.47+0.51) Mm~ 17, B EhHHE 1 fik
i DX € B W AR B (Y R AE 0.04~2.86 Mim ™' 22
] S [ b = A AR5 el B 2 A i W AL 2R 5088
{849 (0.52+0.23) Mm ') i PG 22 77 [X A& Ze ot (b i
e 2B 0] 5 14(46.3+20.3) Mm ') Jbgr X 44
KB ORI R AU 4 (26.20+18.81) Mm ', 18
] Tl 36 T 39 b8 4 2 A o i W SR B34 {1 A i 3
T(6.80£3.94) MmO, RIRTITR, 2810 1L K

SRR R B R AL TR A, B ZE 1L PM, 5
A B R B R O TE A AL

22 RERPALFHEERESTEERER

RINA . BEWIZRE ORI WCRBOR R IX 5,
HA e # SR 2B BT 225 . 3k 1 R,
4 BEWZE PM, s FHEESRIOR TP A% B TE 365 nm A0 5T
SRR (MAE) 50514 (0.7240.12) m?/g Al
(0.52+0.24) m%/g, B EFMABILERE, X5

*1 /L%, ERFTUNHEIREKRLFSHS
BEXBRYRERTHE
Table 1 Mean values of brown carbon optical parameters and
related pollutant concentrations during observation periods in
winter and spring on Mount Tai

(=20 94 K ZE(N=19) HZE(N=25)
SR S E (R R 22 P E4 {E A R 22
Absses (Mm ") 4.61+2.42 2.38+0.98
MAE (m%/g) 0.72£0.12 0.52+0.24
AAE 6.22+0.35 6.29+0.35
babs, BC, 365 (Mm ™) 22.2+13.9 24.4+13.5
OC (ng/m®) 7.54+3.87 5.49+2.01
EC (ng/m®) 1.35+0.59 1.34+0.61
POC (ug/m’) 5.31£2.31 3.16+1.44
SOC (ug/m®) 2.2342.12 2.33+1.81
PM,.s (ug/m°) 37.4+16.7 48.2+18.7
SO, (ug/m’) 9.3+5.1 6.1+4.1
CO (mg/m?) 0.59+0.27 0.56+0.16
NO, (ug/m®) 7.545.0 4.4+2.6
NO (ug/m®) 1.542.3 0.3+0.3
0; (ng/m*) 98.6+19.3 156.1+19.9
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