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Characteristics Research on Carbonaceous Component of Particulate ‘:Matt'er

Emitted from Iron and Steel Industry
ZHANG Jin-sheng, WU Jian-hui *, MA Xian, FENG Yin-chang | & | Py
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(State Environmental Protection Key Laborat‘(;ry of Url;an Ambient Air Particulate Matter Pollition Prevention and Controlﬂ, C_()Héggél"";)f
Environmental Science' and Engineering, Nankai University s '.Tiz_igjin 300071, Chir‘ra): ¥ A V. 3 .
Abstract: In order tp ‘inve‘stigate the carbonace(ln'lsl char et‘ggj,sfli‘cs of particles emitted from the iron and:s%el industry, an electrical léw.-f'
preélsure impact‘i')':r rCE-LPI‘) was used to qglleét_r‘tirl'feé/aset"sﬁ“ of samples from the sinféring process and one set of samples~from .th_ei:"
ironn;aking proqe‘és émissions of paﬂiculaié maﬁens. “Organ_iuc :Qa'fbon (0C) and elfeni“eq?{l carbon (-'EIJC) 3 which were divided intoiseven
carbonaceous ¢omponents based on the temperz‘mire of tlae particilate matter, wére dnalyzed using|a thermal-light reflection method.
Results show that OC.in sintering process paticles ig higher than that in ironmaking pasticles and ac¢ounts for 5.3% =2.3% and
7.1% +3,0% of PM;, and_PM, 5, respectively, which teveals'that|OC tended to be enriched in finé particles. In the ironmaking
process pzlnicles 340G acéounted for 2.5% and 2.0% of .ISM]-(‘)'JIand PM, 5, respectively. The relative proportions of the seven
carbonategtis components in the four sets of samples weré"véi'gr. similar. OC2 and OC3 accounted for the highest proportion; the ECI,
EC2, andl EC3 contents decreased in turn; and OCI may be associated with boiler scale and desulfurization. In addition, the OC and
EC of Sirlltering process particles had higher correlation, and the OC/EC value of primary emission particles was 4.7 £0.7, which is
much higher than the value of the secondary OC estimation index in environment. Analyzing deeply on the carbonaceous characteristics
in particles emitted from the iron and steel industry, which will provide essential data for source apportionment of carbonaceous aerosols
in environment and will be conducive to the follow supervisory of pollution cleaning in iron and steel industry.

Key words:iron and steel industry; sintering process; ironmaking process; particulate matter; carbonaceous component
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particulate matter emitted from the iron and steel industry
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Table 2 Number and mass concentrations of PM,,

emitted from the sintering process

%%JF ﬁ%ﬁg//l\'cmﬁ Jﬁimg/mg-m’3 PMZ.S/PMIO

WAL ARG R TR /1 | 2P Rk T 2 HRR
A RIURL ) RO E T e e e sk s i 3 T LR
i, BTiRLAR J3A J7 T, BE4s T 2 ORI 1 A 1
wm Ji, 2xdig I R Bk T2 A U ) S v SR

palk — 4.22 0.10
o - 1.9 x 10 7.93 0.58 PRI
fedh = 3.1x10° 5.22 0.46 2.2 Wik OC Fl EC B
PRk 2.7 x10° 0.45 0. 84 . "
FE S BB 2H 4 TR 22 B 3R3 , PM,, FITPM,, B¢
7 7
(a) fedhi— (b) B —
6F 6
st sk
&) &)
m )
S 4} S
kRS 3
2 1 | I S I T N TR S T W — 2 1 | I S T | I S T | I N T S
sg2gE=23558L83FI=EQ sg€2E2IRcELIERA
3333333337938 39333333373 71¢¢s
£383E82358803 =g £2€2E823 888932 g
S cocoococ o oS oS —=oo g R S oo c o oo o c S —=o0c g %
[— o = o
15 7
6_
12 .
\ (c) BeEs= st (d) ik
of A ) N

[
.
/‘
e

»

0.01~0.02
0.02~0.04
0.04~0.08
0.08~0.13
0.13~0.24
0.24~0.37
0.37~0.61
0.61~0.95
0.95~1.62
1.52~2.44 |
2.44~4.10 |
4.10~6.89
6.89~10.23

0.006~0.01 +

<
5

=
]
=

'I_
Ollllllllllllllll
| 9 M T M~ = oo T S
83235883 =249
=] =] S = i =
137333337373 313
o = % = = oo ]
Sss2E=dmE8aina =g
S cocc s d oSS — i ¥ R
=] "1

Dp/pm

El3 OC/EC WtIfz5%
Fig. 3 Diameter distributions of OC/EC

AT TR TR R (3) L (4)
2.my

Coy,, = 57— X 100% (3)

11

m.

i
=1

Z m;
Cpy,, = 57— x 100% (4)

Z m;
X, C IR AL o5 B i o3 B m, 855 | PoRiiR B
(ORI B 5 m AR5 @ SORLARBEDY j 4151 A
Bl R, Beah e S OC R A B0 B T
HRER E PM, O A HE N (5.3 £2.3) % , 76 PM, il

£3 FHYH OCH EC HRESH
Table 3 Mass fraction of OC and EC in particles

By itz 0C/% EC/% 0C/EC
et PM,, 7.90 2.11 3.74
PM, 5 7.44 1.89 3.94
pesk— PM,, 4.05 0.79 5.13
PM, ; 9.98 2.06 4.84
st = PM,, 3.82 0.74 5.16
PM, 5 3.99 0.75 5.32
- PM,, 2.51 1.11 2.26
i PM, s 2.04 1.06 1.92

M (7.1 £3.0) % , X SARECEE > L4545 ke
i B A AT gl R TA], 2 SR R BegE TR OC i 4
BN (13.0 £11.5) % , &5 &5 22 24 LA HF 5T



3106 AN 5%

B 38 %

L B AR AR OC i 43 HK (10, 53% ) B2
15, [RIF, 55 Ma 2510 F] ELPT BF 5% 0 SR 5 500k
(B 2 43 o 1 53 UHH BL, B 5 ) OC JiT & 73 5R
AT b RO P03 A R I 22 ) CRER b | A 34 It
LB . WA PM, (4 OC 548 40 %3 591 M 3. 0% |
7.5% . 11.4% ) ; 5350, BeZ5HE i PM, s EC 1y
18 KA R 2% R (1.56% +0.7% ) , 3% 5 B4 ke
EC #53E. HRgIBURY T g OC B/ The gl
Kl , 3% 5 B A5 — 80, HORBCE | S
ST YA Ry e e AR R T4 5 T T A HL
WIMFAA K. L, Bk ey OC v #E LIl & 1E
P2 K ELPL A /NRLAR B i R SR A / , i
RCBURE ) 2% 1T A A LY &

FEAR 22 P15 32 A ) ik Jot ks ) F 5% 7, OC/EC
KF2 LA BN NEET RN, KT 2 £4H1)
OC BB A R RN A I A AL 8 0 R
PN Tl — R HERC FR i, OC/EC 3T # K
F 2,845 PM, 7 3. 94 ~ 5. 32 5k 8k PM, ;T 0C/
EC H0E 2,0 1,92, 5%, —VcHEit iy OB OC
ATRES AR O, B0 A AR A R, s
VR PR RO L. A OC/EC SR
H K5 L3 s, e — A B L g 3;5;@‘.'5

5

4

EC/%

(OF =

EC/%
>

OC/%

RS, B R LG, e s = RS TE 0.24 ~
1,62 pm HBUESE G THRERIBURL 1 OC/EC RTE
1.5 ~4.5 Z[a FFiks).

K 4 R 4 Fs ARIAZBE OC 5 EC M6
PESHT, 2 B OB 25 IR 4 OC 55 EC R BT
LM O 2 | BTN RE B2 AR DA G 2 B4
0. 92 F1 0. 98 , AT Ui, FRERIEBURLY) OC 55 EC 3R
U RAR AL 06 2R, B IR b AR O R B R 0. 74
Qe I HER ) UL, 55 2 R 72 B OC 5 43 8K
HAETTE 9% 2o 47 ; @kedh —HEBUE BRI P OC
5 EC AHSEHERAR A5 T B R AR 5 L Rk AR B
OC AF2E FrEL.

5 Fiash OC Fil EC BRI AR, il LIE H 4
AFERHERAAE 0.05 pm BT ) 3 — I, B2 U
WORLAAERURIAS (KT 2.5 pom) (068 & B0 /N T
AR , 3502 T 2L 28 R 19 AT WL 1] Y i
SRR L 537 A 40 /1N 1 R 49 T I s 4
SO P R P e IRE W T ol
B, ORI LB S 2 FLIR, eI
S LWL MR )22 | 53— 543 2 Y by
H FLPH, /VRC B L SR R WM B

2. y < 2 -

§ “ b

=

(b) K45 —

EC/%

(d) ek

EC/%

OC/%

4 OC #1 EC %51
Fig. 4 Correlations analysis of OC and EC



8

SR BEA A - R T HE UL P AR 2 23 B R

3107

A He %

Sk ot b/ %

20 b ) 70 b
(@) et — - 0C (b) ke —
-o EC 60 -
16 |
50
=
12 F 2 40F
i
= 30+
8t =
20
4} 10 -
0F
U 1 L 1
0.01 1 10 0.01 0.1 1 0
8
or € = (d) #hik
8 F 6
z\f
6+ =
L7 4+
of 2
2L
2 | ‘N
o} ol
0.01 0.1 1 10 0.01 0.1 1 10
Dp/um Dp/um
r i [ '.,.l F
@5 ocmEcwmEst | o | ) .

2.3 7 ﬁﬁﬁéﬂﬁﬁﬁ

*EE Impfoy‘et—A,, T PR, ’I%ﬁﬁﬁ'ﬁ';?ﬁ

Flg 5 Parllde size distribution of OC and' EC ____.- |

= ﬁéﬁl%{ﬁ i u % H, kfa“éﬁ:*

ﬁl

éﬁi 7 ﬁ= 1% FJF?JU@ 4 ?Hﬁfuntiﬁéﬁ’f ﬁﬁﬁ%éﬂé}ﬁ

.ﬂ

JE Ak 5 /%

o Jgk o B /%

3

=

2.0

0.5

a

'd By J |
] (a) foss—
ocl  0C2  OC3 Cl EC2 EC3
(c) BeHi=
‘ {W | | [ ]
0C1 ocz2 0c4 ECI1 EC2 EC3

&2&5}

sy e A1, GO0, ol B, JU 2 0 e
HL 3k ECIFEC2 >EC3,HJ B bEss .%ﬂi%,é%;
X _.'..;‘?
4
— (b) gk~
3k —
2
=
i7 2+
H
1=
1k
0 H H |_| —1
OCl  0C2 0C3 0C4 ECI EC2 EC3
1.0
(d) #ek
0.8 -
§ — e p—
_1_'*—’: 06
=
B o4l
0.2- H H
0
OCl 0C2 0OC3 0C4 EC1I EC2Z EC3
[oeibg

e

E6 PM, .7 HEANMSE

Fig. 6 Characteristics of the even carbonaceous components in PM, 5

5~ RE L 4



3108 S A 38 &
F4 OCF1EC #HX S PM, %c?i%ﬁﬂ/ﬂﬁﬁﬂl&&,ﬂ; PUEMMEIAE[T]. HEFR
Table 4  Correlation analysis of OC and EC %, 2014, 35(1):

g o Rz IR Z )%ie Y B, .Chen‘ J, LiW. An ass'(.%rssment'of PMz'_5 related heathh
peii = 0.75+0.37x 0.93 I}:skhs 1amd1 impaired Valu.es (;lf Beljlhng residents in 2:‘1 c?nsecutlve
pes— J = 0,43 +0.25x 0.98 ‘ls -level exposure during heavy haze days[J]. Environmental
Besti= y= —-0.03 +0.22x 0.68 Tef“c,’”mf’ 3§(i)’ I8 -

ik 1 =0.25 +0.35% 0.74 [3] .sjﬁ\, fﬁ%ﬁ,‘ IRIEH, 45 %%IIX R 5 Yed 2 VOCs

TGYHIE BORIRARAT ()], FRBER:, 2016, 37(11) : 4094-
4102.
I—JT A /\j }:% ﬂl HEIL?‘*H I—J ﬁﬁ"] , Z:Iﬁ]ﬁ Gao S, Cui H X, Fu Q Y, et al. Characteristics and source
j‘j ,%‘)‘é/n_qj 0C1 EI/‘J ﬁ—%ﬂﬁ,ﬂ;& , ii_.)?\‘ ﬁ‘ﬁ‘l‘ apportionment of VOCs of high pollution process at chemical
8 TSN . \ ~ . industrial area in winter of ChinalJ]. Envi tal Science,
e SR LB X, Be s — I B a2 ) i 85 T 2016, 37011 . 40944102 a1 Environmental Sefence
—, Wierzbicka %7 %8 % B OC 14 & 20 505 54 (4] ZhangR I, Ho K F, Cao J J, e al. Organic carbon and
aLEl| ﬁﬁ*ﬁ%’{aﬁ’ﬁﬁﬁ%%ﬁﬁﬂﬁgﬂ: SHE elemental carbon associated with PM,, in Beijing during spring
ji‘—tﬁ?é ‘}.dzéj:—‘;i’éﬂq :F‘thﬂjéﬁ ﬂﬂ/—jh EF‘ E@%-i&*ﬁ ;1;1(1)03 [J]. Journal of Hazardous Materials, 2009, 172 (2-3):
%%xﬁl%ﬁ? /ngmﬂk%mﬁﬁ E_}:.{ﬂ]ll_l %ﬂyﬁ [ 5] Offenberg ] H, Baker J E. The influence of aerosol size and
m\ij(’ﬂf& E]’]ilgﬁ 0Cl1 LUK, 'fZISﬂ:/f(:TT }JFH K szii‘i‘ organic carbon content on gas/particle partitioning of polycyclic
${2§ E/J}:ja I:'Il: # o) EF‘ 0C1 ﬁ%‘ =X Agf(%ﬁlﬁ@T{’Ej\j aromatic hydrocarbons (PAHs) [ J]. Atmospheric Envlronmenl
o 2002, 36(7) : 1205-1220.
KPR YEUE. BELT =R T 0C2 > 0CL > 16y gy mam, prdae, %5, wmmﬁm«ﬁﬁm#ﬁﬁ&z
0C3 > 0C4 > EC1 > EC2 > EC3, 5 P4 Al lﬂ%ﬁ HIH BRI 5E 1 1], SRBEREE, 2014, 85 (177 46-
ARTRL, ATRE S ph T U500 00 35 [ e . 2[4 ' -
N s - . U Fu H H,/Tian N, Shang -H B, et al. Size distfi})uxik'ﬁ{l of particle
(NI Wi ! ﬁunﬁmﬂf@iﬁnn IR | B = . 1R
and polycyclic, arefmatic hydrocarbons in particle emissions £fom
0oC ':P EN i E’J 2 ﬁ:}ﬂf 0C2 #1 0C3; EC EP igjg slmulated emission bOliI‘(,(:‘s[J] Environmental S’uence._,,. 2014,
ECLSTC2 > FE3,4 éﬂ#nuﬁﬁéﬂé}ﬁiﬁfééﬁ ’@fﬁ 35011 i 520 ﬁ ; i
77 WM, S, me e Fétrkl"‘ﬁ%%ﬁf"%éf rf"
i [/ H ﬁ [ s o -
FS L ’J/T e 0,73/ A B ﬂ’ﬁﬂ@ij Lok J?F*%KF' s Iohy AL AR, 2007, 26() - 823,82
7 ﬁﬁf}%éﬂ ]Z}’*HXT EB@J*H{U\ :J: &qﬁ‘fﬁ%i {EI J:§%{]? Wen/'S, I—HI(; D g Zhang L, et al. Levels and characlenbugs of
Hl{]ﬁ[%—ﬁ*i % E’J 7 fﬁlil ﬁ}}“{ H ﬁ Ji ﬁ:}* ﬁ *H X‘J‘ h“"l/l\ polychlonnated_. Dibenzo-P-dioxin and poly(‘hlonnated
0 W @ 7% {E[%] Ij‘] | dibenzofuran in fly ash and ESP dusts from a Chinese sinter plant
I e P = .- A L. ' - [J]. Environmental Chemistry, 2007, 26(6) : 823-827.
3 ot ' (8] W, Bk, (P, . R IR R
Tl A7l e 2 R S [J]. HEE R, 2016, 37
(1) Bt T 2 B 97 76 KL, P, o/ (3): 1178
s . . Geng J, Li Y L, Ren B N, et al. Effects of eliminating
PMIO R(E [ﬂjj 0.10 ~0. 46. ﬁ*—m% EF‘ E/‘J 0C %Eém*i backward production capacities on reduction of dioxin emissions
ﬁéﬁ*%% , PMZ.S EF‘ E’(] oC Fﬂ]" 5@%%%& %E%ﬂ: in key industries [ J ]. Environmental Science, 2016, 37 (3) .
PM,,. BN, —WHE LR PM, s OC/EC Jy 4.7 + H71-1178.
. PN [ 9] Menon S, Hansen J, Nazarenko L, et al. Climate effects of black
0.7 ’ [_J:‘F 'fZIKEF"fﬁ%i U\ﬁ;‘;{ E B/J*E' *T{E carbon aerosols in China and India[ J]. Science, 2002, 297
(2) R T2 HERI A ks ki AR 2 4, OC Jr (5590) ; 2250-2253.
E]J\Q%UFH l:[:,kja I Qgﬂ% ,fEl i EC Fﬂ? 5 ﬁ% =N /\ [10] Jacobson M Z.' Strong radiélive heating due to the mixing state of
é&%lﬁﬁéﬁl éj‘iéﬁ black carbon in atmospheric aerosols [ J]. Nature, 2001, 409
- : (6821) : 695-697.
(3)7 ﬁﬁ&éﬂﬁﬂ/‘]jﬁb& ?:?J‘-EEU%E EE%T%RI%&T [11] Watson J G, Chow J C, Lowenthal D H, et al. Simulating
ik?ﬁﬂ‘])ﬂﬁﬁ:}’i =5 ’ﬁ%IJ? CMB %:‘F ,ﬁg*ﬁﬂﬂ/ﬁi&g changes in source profiles from Coal-Fired Power Stations: use in
“hemical mass balance of PM, 5 in the Mount Zirkel Wilderness
ey 4 ¢ 25
ﬂ}ﬁ%(m/ﬂz%*ﬁ [J]. Energy & Fuels, 2002, 16(2) : 311-324.
SE K. [12] Zhao Z F, Du Q, Zhao G B, et al. Fine particle emission from
[ 1] Tian M, Wang H B, Chen Y, et al. Characteristics of aerosol an industrial Coal-Fired Circulating Fluidized-Bed Boiler
pollution during heavy haze events in Suzhou, China [ J]. equipped with a fabric filter in China [ J]. Energy & Fuels,
Atmospheric Chemistry and Physics, 2016, 16 (11 ). 7357- 2014, 28(7) : 4769-4780.
7371. [13] Chen Y J, Sheng G Y, Bi X H, et al. Emission factors for

(2] ook, BRid, 2580 259 5 is Qe 0l Ja RO ke 2

carbonaceous particles and polycyclic aromatic hydrocarbons from



8 [ Siizae

A+ AR AL HEHOBUR ) B 21 53 ) i

3109

residential coal combustion in China[ J]. Environmental Science
& Technology, 2005, 39(6) : 1861-1867.

INIER, SEey ) T, GE. BRAS T ORI KR
HEHCREE S BT (D], P E RSB, 2016, 36 (8):
2274.

Sun Y M, Wu J H, Ma X,
water-soluble ions in the particulate matters from sintering process
[J]. China Environmental Science, 2016, 36(8) ; 2270-2274.
TR, GRS P, | e HER B SR BRSE( D], R
He TR, 2015, 43-46.

SR, RS, Bed, A )T BRARBOEXS PM,, HERLRHAE
ST 1]. HEERAE, 2006, 27(10) : 1921-1927.

Yi H H, Hao J] M, Duan L, et al. Influence of dust catchers on
PM,, emission characteristics of power plants[ J]. Environmental
Science, 2006, 27(10) : 1921-1927.

Happonen M, Mylliri F, Karjalainen P, et al. Size distribution

[14] T

2270-

et al. Emission characteristics of

[15]

[16]

[17]
chemical composition, and hygroscopicity of fine particles emitted
from an oil-fired heating plant [ J]. Environmental Science &

Technology, 2013, 47(24) . 14468-14475.

Chow J] C, Watson J] G, Chen L. W A,

temperature measures in thermal/optical carbon analysis [ J].

2005, 5 (11): 2961-

[18] et al. Refining
Atmospheric Chemistry and Physics,
2972.
[19] CaoJJ, Wu F, Chow J C, et al. Characterization an‘fjaé;)ur'ce
apportionment of atmospheric organic and elemental carbon during
fall and winter of 2003 in Xi’an, Chir‘l;[.] .
Chemistry and Physus 2005, 5(11) . 3"127 3137.
[20] MBI, WEH, A, % BQEFlLER*PMzg‘F@%
AT Y '«hjiE}éﬁlé/ﬁﬁﬁﬁ[ 1. HBERR zoyf 3:(2)
4274335 | o2 ; y
| Tian P S, Cao ] J "Han Y M, et al. Pollution cha.raclel:;jtlcs and

Atmospheric

— sources of (,drbondceoub aerosol in PMzﬁ dUHng‘
7 Cuahzhong area‘[ J] thIronmental Sclence, 2016, 37 ( 2)
1 427-433. "j ; p- e _-'. =
Chen D R, et al.
Qxéfﬁatlon of the electrical low-pressure impactor ( ELPL) [ J].
Journal of Aerosol Science, 2000, 31(2) . 249-261.
JELEL, RO, BT, S SRR T2 AR PM,,
HERCRPESTHTLT]. BRETRMS:, 2014, 35(9) : 3287-3292.
Fan Z 7, Zhao Y L, Zhao H N, et al. Emission characteristics of
PM, 5 from blast furnace iron making [ J].
Science, 2014, 35(9) : 3287-3292.
AR, ZEMAE, . R Tl B A ] WA U 0 114 HE
HAFAELT]. FREERLE, 2009, 30(3) : 650-655.
Li C, Li X H, Duan L, et al. Emission characteristics of PM,,

mler in

[21)/ Magamakl M Keskmen J, Performance

[22]

Environmental

EILEE-

(23]

._.-r' ;

[24]

[25]

[26]

[27]

(28]

[31]

[32]

from coal-fired industrial boiler [ J ]. Environmental Science,
2009, 30(3) : 650-655.

BB, IEH, FAH, 5. L PM, s TP IERS WL [T].
ThEFREERL, 2013, 33(8) ; 1354-1359.

Zheng M, Zhang Y J, Yan C Q,
industrial source profiles in Shanghai[ J].
Science, 2013, 33(8) : 1354-1359.
LT, B Al B AR 7= T R Y HE R IE R ST D ).
PR PHRIR:, 2009. 34-35.

Ma X, Wu J H, Zhang Y F,
carbonaceous aerosols from real coal-fired boilers[ J]. Energy &

Fuels, 2016, 30(1) . 39-46.

et al. Establishing PM,

China Environmental

et al. Size-classified variations in

FEE, WAR, W, 5. A FET PM, 5 Tl B i
SERAPHELT]. AL TR, 2015, 32(1) ; 78-84.

Qi K, Dai C L, Feng Y, et al. Establishment and analysis of
PM, s industrial source profiles in Shijiazhuang City[ J]. Hebei
Journal of Industrial Science and Technology, 2015, 32(1) ; 78-
84.

skEstE, £ARTT, BEER, % RIERIX PM, s PAPLEAITT
AL BRI AT [)]. R, 2014,“ 35(9):
3263-3270. ol

Zhang Y Hg Wang D F, Zhao Q B, et al Cha];ac(e.rlsnés and
sources of orgqm(‘ carbon and elemental (‘arhon An PM, 5 in
Shanghai urban areal J]. Envlronmemdl S(nence,. 2014}_,; 35'(9)
3263-3270.¢ l |
eSO {Eﬁﬁf,_éﬁjﬁ A RETTRR EPPMIO\ PMM&%
SU5ME e 5 A5 R0 1 B SR B 2009, z;(ll)
1134- 113’9, 2 r P
Wu L, Feng Y[C, DalJL et al Characteristicsg=of PM]U-, PM2 5__,-
and théir rbondu:ous' species in Tianjin (Aty [T]. 4 China
ng Seience’ 2009 | 29(11) ; 1134-1139; g
Bl il . BEHA, A %?EEEZISPM?}%DE/}LEE@ PM, s
TRAASFRIE BT[], REERES, 2014, 35(3) : 810-819.
Zhang C, Zhou Z E, Zhai C Z,
apportionment of PM, 5 in Chongqing based on local carbon
profiles[ J]. Environmental Science, 2014, 35(3) ; 810-819.
WRBHERAE, FEAE, XURME, A5 R0 T R0 1 5 T A PR 2
Br[J]. #EERl, 2015, 36(6) : 1975-1982.
Ouyang L H, Zhuang Y, Liu K W, et al. Analysis on mechanism

r i
Environi

et al. Carbon source

of rainout carried by wet stack of thermal power plant [ J].
Environmental Science, 2015, 36(6) : 1975-1982.

Wierzhicka A, Lillieblad L, Pagels J, et al. Particle emissions
from district heating units operating on three commonly used
biofuels[ J ]. 2005, 39(1): 139-
150.

Atmospheric Environment,



HUANJING KEXUE Vol.38  No.8

Environmental Science ( monthly) Aug. 15, 2017

CONTENTS

Evaluation and Development of a Weighing Chamber by Using Saturated MgCl, Solution «+++++eseseeseereesssesimmenenininenenninienien LI Xiao-xiao, ZHANG Qiang, DENG Jian-guo, et al. (3095
ZHANG Jin-sheng, WU Jian-hui, MA Xian, et al. (3102
++ GU Ai-jun, LIU Jia-shu, LUO Shi-peng, et al. (3110
JU Yuan-li, LIU Pan-liang, YU Zhou-suo, et al. (3120
WANG Shi-hao, ZHANG Kai, CHAI Fa-he, et al. (3130
+ XU Min, HE Wan-ging, NIE Lei, et al. (3139
Exhaust Emission Characteristics of Typical Alkanes from Heavy-Duty Diesel Vehicles Based on a Portable Emission Measurement System s«+seeseessesesesereresiemieneniimininininn
......................................................................................................................................................... SHI Chun-zhen, HAO Xue-wei, SHEN Xian-bao, et al. (3146
PM, ) Concentration Forecasting Model Based on Wavelet-SVM ««+++restererreeresrssrnrssicnnnnineitss e WANG Ping, ZHANG Hong, QIN Zuo-dong, et al. (3153
Emission Factors and Preliminary Emission Estimates of Air Pollutants from Ships at Berth in the Guangzhou Port »«+:++:+ssereeveee HUANG Xue-liang, ZHANG Zhou, YANG Wei-giang, et al. (3162

Characteristics Research on Carbonaceous Component of Particulate Matter Emitted from Tron and Steel Industry

Pollution Characteristics and Source Identification of PAHs in Atmospheric PM, s in Changzhou City -+

Atmospheric Dry Deposition Fluxes and Sources of Polycyclic Aromatic Hydrocarbons in Lanzhou Valley, Northwest China

Characteristics and Sources of Elements in Atmospheric Dust Fall in Zhuzhou City, Central China

)
)
)
)
)
)

Atmospheric Pollutant Emission Characteristics from the Cooking Process of Traditional Beijing Roast Duck

)
)
)
Influence of Dust Events on the Concentration and Size Distribution of Microorganisms in Bioaerosols —««+s«+sessessesseessenseneneninenenssenns LI Hong-tao, Qi jian-hua, DONG Li-jie, et al. (3169)
LU Hui-jie (3178)
)
)
)
)
)

Odor Emission Characteristics and Pollution Evaluation from Typical Household Rubbish Disposal Facilities

ZHANG Ming, TANG Fang-liang, YU Ya-yun, et al. (3185
Fluorescence Characterization of Fractionated Colloids in Wastewaters Received by Huangpu River ««+s«ssessesesesereneneniencnenininicnenn NIE Ming-hua, YAN Cai-xia, YANG Yi, et al. (3192

Perfluorinated Compounds in Snow from Downtown Hangzhou, China

ZHAO Hai-juan, XIAO Qiong, WU Xia, et al. (3200
WU Fei-hong, PU Jun-bing, LI Jian-hong, et al. (3209

++ XU Mei-juan, TONG Gui-hua, SUN Dan, et al. (3218

Comparison of Identification Methods of Main Component Hydrochemical Anomalies in Groundwater; A Case Study of Liujiang Basin ««+«sseseereerseessenenennienienensnnininnsinnee

+ ZHANG Xiao-wen, HE Jiang-tao, PENG Cong, et al. (3225)

Sources of Organic Carbon in the Surface Water of Lijiang River

Impacts of Thermal Stratification on the Hydrochemistry and Dissolved Inorganic Carbon in a Typical Karst Reservoir in Summer

Comparison of Heavy Metal Contamination Characteristics in Surface Water in Different Functional Areas: A Case Study of Ningbo -

Biotic and Abiotic Uptake of Phosphorus in Benthic Sediments of Suburban Streams Under Intense Human Disturbance Scenario +:«+xeovesveseeseeees LI Ru-zhong, YE Zhou, GAO Su-di, et al. (3235)
Sedimentary Phosphorus Speciation in the Coastal Hypoxic Area of Changjiang Estuary and lts Environmental Significance ««+:«+s+ssssesseseereens LIU Jun, ZANG Jia-ye, RAN Xiang-bin, et al. (3243)
Characteristics and the Relationship of Nitrogen and Phosphorus in Soil and Water of Different Land Use Types of a Small Watershed in the Three Gorges Reservoir Area -weoveeesesresneeeeees

............................................................................................................................................................ CHEN Cheng-long, GAO Ming, MU Zhi-jian, et al. (3254)
Characteristics of Carbon Transportation Under Rainfall Events and Associated Carbon Loss Evaluation in Loess Plateau, China; A Case Study of Yangjuangou Dam Watershed ««+:«+s+-seeeee

- E Xin-hui, WANG Ya-feng, GAO Yang, et al. (3264)
New Bromated Phenolic Disinfection Byproducts; Mechanism of Their Decomposition During Chlorination LI Huan, LI Zheng-kui, LI Ai-min, et al. (3273)
Effects of Algal Morphology and Al Species Distribution on the Coagulation-Ultrafiliration Process —«++s+ssseseersessesssssenenninenensinneniens ZHANG Da-wei, XU Hui, WANG Xi, et al. (3281)
Functional Group Characteristics of Planktonic Diatoms and Their Relationship with Environmental Factors in the Ruxi River ««+:tsesseeesereeneeeees XIANG Rong, LI Qiao-yu, YU Yi, et al. (3290)
Spatiotemporal Variations of Chlorophyll a and Tts Relationship to Environmental Factors in Shiyan Reservoir * SONG Yun-long, ZHANG Jin-song, Guo Xiao-ya, et al. (3302)
Rhizosphere Microbial Diversity in Different Wetland Microcosms WANG Lin, LI Bing, YU Jia-hui, et al. (3312)
Community Structure of Microorganisms and Iis Seasonal Variation in Beihai Lake ZHANG Ya-jie, LI Ke, ZHU Hao-ran, et al. (3319)
Analysis of Microbial Diversity in a Fluidized-Sand Biofilter Based on High-Throughput Sequencing Technology - ZHANG Hai-geng, SONG Hong-giao, GU Chuan-chuan, et al. (3330)
Analysis of High-efficiency Denitrifying Bacteria and Embedding Filler Performance and Microflora «+«+xsseseessersesssenemensiminenininniens MENG Ting, YANG Hong ( 3339)
Selection of Microalgae for Biofuel Using Municipal Wastewater as a Resource —««+sereeeeserensenseenemenensnininsinsinise s HAN Song-fang, JIN Wen-biao, TU Ren-jie, et al. (3347)
Purification Effect of Piggery Wastewater with Chlorella pyrenoidosa by Immobilized Biofilm-Attached Culture «+-+++++seseeeeeeeseereeeeees WANG Yuan-zhu, CHENG Peng-fei, LIU De-fu, et al. (3354)

Combination of Microbubble Catalytic Ozonation and Biological Process for Advanced Treatment of Biotreated Coal Chemical Waslewater —+:++sersesseresesereremieneneniinininiininenn
............................................................................................................................................................ LIU Chun, ZHOU Hong-zheng, ZHANG Jing, et al. (3362
Effect of pH Shock on Nitrogen Removal Performance of Marine Anaerobic Ammonium-Oxidizing Bacteria Treating Saline Wastewater ««+-++-++++- YU De-shuang, ZHOU Tong, LI Jin, et al. (3369
Removal of Nitrogen from Alcohol Wastewater by PN-ANAMMOX  xeeveeeeeeessensnsnesnninnenunmminsiiisiiissis s ZHOU Zheng, LIN Xing, WANG Fan, et al. (3377
Biorecovery of Palladium from Simulated Wastewaters and Its Catalytic Property for Methylene Blug «-«+«++x+esseesereereeesiercnenennne KANG Nai-xin, ZHU Neng-wu, GUO Wen-ying, et al. (3385
Investigation of Initiation and Shock Process of ANAMMOX Based on Color Space WANG Li-jun, LI Zhi-hua, HAN Dong, et al. (3393
Fast Start-up of Shortcut Nitrification in a CSTR and an MBR +++:eeereereens ZHANG Ting, WU Peng, SHEN Yao-liang, et al. (3399
WANYAN De-qing, HUANG Yong, BI Zhen, et al. (3406
WANG Fan, LIU Kai, LIN Xing, et al. (3415
*+ TAN Xiao, HUANG Liang, YANG Ping, et al. (3422
SUN Yan-fang, HAN Xiao-yu, ZHANG Shun-jun, et al. (3429

)
)
)
)
)
)
Conversion Pathways of Substrates in Sulfate-Reducing Ammonia Oxidation System )
Effect of Different TOC to NH,"-N Ratios on Nitrogen Removal Efficiency in the ANAMMOX Process «+++++++ )
Effects of Salinity on the Operation of EGSB Reactors and the Anaerobic Granular Sludge *++++++ )
Start-up of Granule CANON Process and the Strategy for Enhancing Total Nitrogen Removal Rate )
Effect of Extracellular Polymeric Substance (EPS) on the Adsorption of Perfluorooctane Sulfonate (PFOS) onto Activated Sludge »«+-++++++++++++ LIU Xin-tong, YIN Hua, PENG Hui, et al. (3435)
HU Lei, LIU Yun, ZHU Bo (3442)
)
)
)
)
)
)
)
)
)
)
)

Characteristics of N,0 and NO,, Emissions from Purple Soil Under Different Fertilization Regimes
Effect of Plastic Film Mulching on Methane Emission from a Vegetable Field

ZHANG Kai-li, HAO Qing-ju, FENG Di, et al. (3451

Responses of Soil Ammonia Oxidizers to Simulated Warming and Tncreased Precipitation in a Temperate Steppe of Tnner Mongolia «+++++++ ZHANG Cui-jing, SHEN Ju-pei, SUN Yiei, et al. (3463
Nitrification Activity and Autotrophic Nitrifiers in Long-term Fertilized Acidic Upland Soils ++++ XU Bai-lu, ZHONG Wen-hui, HUANG Qian-ru, et al. (3473
Effects of CaCO5 Application on Soil Microbial Nitrogen Cycle in an Acid Soil GUO An-ning, DUAN Gui-lan, ZHAO Zhong-qiu, et al. (3483
Responses of Extracellular Enzymes to Nitrogen Application in Rice of Various Ages with Rhizosphere and Bulk Soil = ««+-esseseereeeeneeees WEI Liang, TANG Zhen-zhu, ZHU Zhen-ke, et al. (3489
Variation in the Temperature Sensitivity of Surface Litter Respiration and Its Influencing Factors ZHANG Yan-jun (3497

Magnetic Properties of Farmland Soils in Arid Regions in Northwest China and Their Environmental Implications + WANG Xin, XIA Dun-sheng, WANG Bo, et al. (3507
Preparation of Magnetic Biomass Carbon by Thermal Decomposition of Siderite Driven by Wheat Straw and lts Adsorption on Cadmium -+ ZHANG Ru-yu, LIU Hai-bo, ZOU Xue-hua, et al. (3519
Effects of Traffic-related Air Pollution Exposure on DNA Methylation +++ WANG Ting, DING Rui, HUANG Dan-ni, et al. (3529
Effects of Exogenous Microorganism Inoculation on Efficiency and Bacterial Community Structure of Sludge Composting - YANG Ping-ping, YIN Hua, PENG Hui, et al. (3536
Life Cycle Assessment of Traction Lead-acid Batteries for Electric Bikes in China LIU Wet, TIAN Jin-ping, CHEN Lii-jun (3544






