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Abstract: A prolonged heavy haze event occurred in Shijiazhuang, Hebei province, China, from December 5" to 27"
2013. The visibilities variates from 0.2 to 8 km and there are approximately 89.53% days with visibility lower 5 km
during this period. The aethalometer for measuring black carbon was deployed in the 2nd Institute of Surveying and
Mapping of Hebei Province, and the data showed that, 1) the averaged black carbon mass concentration (Cpc) was
39.84pg/m?; 2) the diurnal variation presented a bimodal distribution with the first peak at 01:00 (UTC Time) and the
second peak at 13:00~16:00; (UTC Time) 3) a negative correlation can be observed between hourly averaged Cgc and
hourly averaged visibility; 4) the probability of occurrence of serve haze hours was 97.78% when the Cgc was higher than
the averaged Cpgc. In addition to the fixed station measurements, mobile measurements were conducted on the main roads
in Shijiazhuang downtown for several days, using a car which was equipped with an aethalometer and a GPS receiver. The
results showed that the Cpc was obviously related to the traffic density and street characteristics (road type and traffic
density). The Cgc over the 2nd ring road was 1.48times higher than that within the 2nd ring road. The Cpc over downtown
areas was lower and presented a significance difference between south, north direction.
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Fig.2 Hourly variation of BC concentration and wind speed by fixed observation
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Fig.7 Spatial maps of mobile BC measurements in Shijiazhuang
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Fig.8 Temporal maps of mobile BC measurements in Shijiazhuang



2592 i 523

BOR ¥

35 %

MR 3 53R 4 K] 0 IR R BC IRFEY
KL IR =T IER AR 1.48 53
() 2R 1 9 1) v T VG b 3 B RO A K
A2 52 PUATTRIN 4 o s (1) 52 ) A T P A6 X 3R
P NI 246 LT TE RS X% 4k BC W FER ),
ZIE P PO 318 BCIRFE) 2.01 £i%; 3R
B 1 BC IR BEIIE & R (B — R 1
P BC W BEIE A2 I B (B 17 2% 1) 1)
1.80 3%, 1 - FR PN )17 8% IR FE 3 )& RN
IR PE V(SR8 1) (1) 2.05 5. JR R 3R 52
TV B AS /N BC R B 42 22 5 A8 1l 1A 0%, T A
HIE S L5 05 Tk S 541
RGO R 2 5 B, i 3R b T 454058
AMRIZENT BC ¥R (1) DT k2 AH A .

#3 ARETXETEREE BCIRE

Table 3 Concentration of BC of urban main road in

Shijiazhuaug
% B W PE¥IE (ng/m?) % B WY E (ng/m®)
RKIR 81.33 1R ] K 4132
b =% 72.53 RSN} 38.77
iz 69.60 EZIPNSj 46.03
Gz IE2N 84.17 L EYNGS) 38.84
ISP 56.84 KA KA 38.91
rhlgg 70.25 L 76.99
M 63.00 DU 4 4% 61.90
W22 % 49.16 TLAHT 40.51
F4 RXHWOS5HFERE BC LLE
Table 4 The ratio of BC of intersection and the stretch
LAE
IR (N IR (R ) 1.80
IR Y IR (% 1) 2.05
A X /T 2.00
2.3 i

[ 5 AN AT LASR (I BC R B A 3 R Ui B
HH PR A AR N 1) A2 A s 1L, B2 Sl U I RT DL ASE B 3l 3
WOm T AR BC IR FEE K28 ) 22 SR ik, I 2 45
AR BTSN OL . BC IR SRR LR
BRI A T BLAR SCAN AR AE T B Bl b R
RESRICATm U i . R . KU S5 i,

LU (a7 B, 25 SR AT REAFAE S MRARTE. 5
BT KRS AR AR A Bt 2 W
S, I IR 0t 7 ik DA — D A I 1]
ARANS T Bl UL I AR5 0, S A0 A A b 4 s ¢
TR AF LT BC U I R LR AE
LA 8] o A 22 5

3 #%it

31 AFETXH BC AR HAEAG I 5
(RSG5 1 N AE B2 9:00 245,55 2 A
WS 7 1A .

3.2 HEANUWIN I 67.93% K] ) KA 4b T E
JE 5 RS

3.3 BC RS KRN 2 0] 2L 1) 6
R KR.

3.4 ARAWE I IS, BCWREHE AT
S AC T IR IR N (I 2 Ja 7 1) 1.48 £i%).

e

[11 ) 6B RO IR B AR AR AL AR AT 5 1Y)
R[] A5,2001,27(11):3-7.

[2] Janssen N A H, Hoek G, Simic-Lawson M, et al. Black carbon as
an additional indicator of the adverse health effects of airborne
particles compared with PM;, and PM,s [J]. Environmental
Health Perspectives, 2011,119(12):1691-1699.

[3] Galdos M, Cavalett O, Seabra J E A, et al. Trends in global
warming and human health impacts related to Brazilian sugarcane
ethanol production considering black carbon emissions [J].
Applied Energy, 2013,104:576-582.

[4] WHO, 2012. Health Effects of Black Carbon [EB/OL].

http://www.euro.who.int, ISBN:9789289002653, Copenhagen,
Denmark.
[S] Chugtai AR, Brooks M E, Smith D M. Hydration of black carbon

[J]. Journal of Geophysical Research: Atmospheres,
101(D14):19505-19514.
[6] Decesari S, Facchini M C, Matta E, et al. Water soluble organic

1996,

compounds formed by oxidation of soot [J]. Atmospheric
Environment, 2002,36(11):1827-1832.

(71 VF B MR B, 5 BRI T R Tl 3Bk
FIREE [J]. HuBRERERERE, 2006,21(4):352-359.

[8] Babu S S, Moorthy K K. Aerosol black carbon over a tropical
coastal station in India [J]. Geophysical Research Letters,
2002,29(23):2098,doi:10.1029/2002GL015662.

[9]  FINRIR, e v e, 8 370K, 56,2008 b Uk B £ ) KB <



L ESE

2013 £F 12 347 5 — G R U R 10 R IR BRI

2593

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

S5 YA [J]. P EEREERLAE, 2012,32(12):2123-2127.

Saha A, Desplan S. Seasonal and diurnal variations of black
carbon aerosols over a Mediterranean coastal [J].
Atmospheric Research, 2009,92(1):27-41.

Verma S, Pani S K, Bhanja S N. Sources and radiative effects of

zone

wintertime black carbon aerosols in an urban atmosphere in east
India [J]. Chemosphere, 2013,90:260-269.

Wang G C, Bai J H, Kong Q X, et al. Black Carbon Particles in
the Urban Atmosphere in Beijing [J]. Advances in atmospheric
sciences, 2005,22(5):640-646.

Aruna K, Lakshmi Kumar T V, Narayana Rao D, et al, Black
carbon aerosols in a tropical semi—urban coastal environment:
Effects of boundary layer dynamics and long range transport [J].
Journal of Atmospheric and Solar-Terrestrial Physics, 2013,
104:116-125.

Ozdemir H, Pozzoli L, Kindap T, et al. Spatial and temporal
analysis of black carbon aerosols in Istanbul megacity [J].
Science of the Total Environment, 2014,104:451-458.

Peters J, Theunis J, Poppel M V, et al. Monitoring PM,, and
ultrafine particles in urban environments using mobile
measurements [J]. Aerosol and Air Quality Research, 2013,13:
509-522.

Poppel M 'V, Peters J, Blenxi N. Methodology for setup and data
processing of mobile air quality measurements to assess the
spatial variability of concentrations in urban environments [J].
Environmental Pollution, 2013,183:224-233.

Dons E, Panis L I, Poppel M V, et al. Personal exposure to Black
[J]

Carbon in transport microenvironments

Environment, 2012,55:392-398.

Atmospheric

Dons E, Temmerman P, Poppel M V, et al. Street characteristics
and traffic factors determining road users' exposure to black
carbon [J]. Science of the Total Environment, 2013,447:72-79.
Westerdahl D, Fruin S, Sax T, et al. Mobile platform
measurements of ultrafine particles and associated pollutant
concentrations on freeways and residential streets in Los Angeles
[J]. Atmopheric Environment, 2005,39(20):3597-3610.

Fruin S A, Winer AM, Rodes C E. Black carbon concentrations in
california vehicles and estimation of in-vehicle diesel exhaust
particulate matter exposures [J]. Atmospheric Environment, 2004,
38(25):4123-4133.

Oliveira C, Pio C, Caseiro A, et al. Road traffic impact on urban
atmospheric aerosol loading at Oporto, Portugal [J]. Atmospheric
Environment, 2010,44:3147-3158.

Olivares G, Smith J, Bluett J, et al. Spatial variation and
characterisation of ambient aerosols from domestic solid fuel
burning in a New Zealand town [J]. Chemical Engineering

Transactions, 2008,16:201-206.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

341

[33]

[36]

[37]

[38]

[39]

EEEIT:

B o®,2 9LEOE S AR X 3 i SRR I IR S
TSI SE: (7], HuE 5 BE 5 BRL2E, 2014,1(30):45-49.
QX/T 1132010  Hfe A R A S G A7 b vHE, 55 F X0 00 A
TR [S].

R OSLBRERR 55 R EE H Gl iR LA T —LL
I E AR G T ) (0], T EFREEERLY:, 2014,34(3):545-
554,

2O KT S SN SRS
2005,31(4):3-7.

B KR, R T L, A R T O T IR I L AR M
XN FERE T [1]. o E PSRN, 2013,33(1):21-29.

RS E TR, BRI = AR K TR W
Bl ST [J]. %2R, 2006,64(4):510-516.

XA /NS R R, A R H T K 14 S G R T 5 H
e ILERB T[], FREERIE 224, 2011,31(4):704-708.
B ARl A, A O BE R R AL (1], TP ER
Bkl 2012,32 (1):31-36.

ik EELOK RR IR TR AR A AR B S TR R AE
[7]. HEHEFRE, 2011,31(8):1248-1255.

Cao J J, Zhu C S, Chow J C, et al. Black carbon relationships

B e 1], %,

with emissions and meteorology in Xi'an,China [J]. Atmospheric
Research, 2009,94(2):194-202.

E R, A IO, A DB SRR SRR B K LB 5 4y
BT [3]. A5 IHEAER, 2011,11(3):124-127.

Bergin M H, Xu J, Fang C. Measurement of aerosol light scattering
and absorption coefficient in Beijing during June, 1999 [J]. Journal
of Geophysical Research, 2001,106(16):17969-17980.

Derwent R G, Ryall D B, Jennings S G, et al. Black carbon aerosol
and carbon monoxide in European regionally polluted air masses
at Mace Head, Ireland during 1995-1998 [J]. Atmospheric
Environment, 2001,35(36):6371-6378.

Petzold A, Ogren J A, Fiebig M, et al. Recommendations for

”

reporting “ black carbon ” measurements [J].

Chemistry and Physics, 2013,13:8365-8379.

Atmospheric

Shen L J, Li L, Lu S, et al. Characterization of black carbon
aerosol in Jiaxing, China during autumn 2013 [J]. Particuology
(2014), http://dx.doi.org/10.1016/j.partic.2014.08.002.

Cao J J, Lee S C, Ho K F, et al. Characteristics of carbonaceous
aerosol in Pearl River Delta Region, China during 2001 winter
period [J]. Atmospheric Environment, 2003,37(11):1451-1460.
Hagler G S W, Yelverton T L B, Vedantham R, et al.
Post—processing method to reduce noise while preserving high
time resolution in aethalometer real-time black carbon data [J].

Aerosol and Air Quality Resarch, 2011,11(5):539-546.

SHBI R (1991-), 20, IR 5 BHON, o B K5 B0 455 5

BRI SUE, AR TABOR TS



