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Particle Size Distribution, Seasonal Variation Characteristics and Human

Exposure Assessment of Heavy Metals in Typical Settled Dust from Beijing

CAO Zhi-guo"*, YU Gang’, LU Xiang-ying' , WANG Meng-lei' , LI Qi-lu', FENG Jing-lan' , YAN Guang-xuan',
YU Hao', SUN Jian-hui'*

(1. Henan Key Laboratory for Environmental Pollution Control, Key Laboratory for Yellow River and Huai River Water Environment
and Pollution Control, Ministry of Education, School of Environment, Henan Normal University, Xinxiang 453007, China; 2. Beijing
Key Laboratory for Emerging Organic Contaminants Control, School of Environment, Tsinghua University, Beijing 100084, China)
Abstract: Four types of dust from dormitories, offices, hotels and roads in Beijing were collected and fractionated into 9 fractions,
respectively. Totally 36 samples were obtained and analyzed for heavy metals including Cu, Zn, Cr, Pb, Cd and Ni. Particle size
distributions of those heavy metals in these four types of dust were investigated and the influencing mechanisms were discussed.
Distribution patterns of the same heavy metal in different types of dust showed various characteristics. Also different metals in the same
type of dust represented different distribution patterns. Heavy metals in road dust tended to concentrate in finer particles. Two offices
from the same building, located in Beijing, China, were selected to study the seasonality of heavy metals in dust. Dust sampling from
Office A was conducted at weekly intervals between March 2012 and August 2012, while dust from Office B was sampled fortnightly
from March 2012 to December 2012. Generally, levels of all heavy metals remained stable among different seasons, however, Cr and
Pb represented more significant fluctuations than other four heavy metals. Based on the geo-accumulation index method, the pollution of
Zn, Cu and Pb was more serious in the investigated samples, and dust from offices and hotels were moderately polluted by Zn.
According to the risk assessment results, the carcinogenic health risks of the six heavy metals in the four types of dust were negligible.
Key words:dust; heavy metal; particle size; season; risk
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Table 1 ~ Sampling information for all dust samples

PR fAT R FeihBih/g  SRAERBY m?
INVANZE (22 1)) 0 930 ~4500
T (10 REA) R 139 ~400
T (3 ) H 260 ~600
T4 (40 []) D 557 ~1400
IVAE A 0A ~20 g1 ~ 140
IVAZE B 0B ~120 g-A4~~! ~550

x2 AEBRFRLERRE ¢
Table 2 Weight of the fractionated dust samples/g

R iR INVAE BAE T & TH %
F1 65.2 49.8 46.1 21.7
F2 79.9 47.4 31.8 49.0
F3 24.2 23.7 20.0 21.1
F4 44.2 18.6 23.3 47.0
F5 39.3 13.9 8.6 31.8
Fo6 90. 6 39.7 41.4 101
F7 60. 1 84.0 21.6 54.5
F8 102 96.9 15. 4 51.1
F9 424 183 52.2 35.3
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JITA R R FH A 2830 AN AR TR R 1R 3R (HINO, -
HF-HCIO, ) F A7 . HERR PR £90. 200 0 g K20
FEAT 50 mL SR PUS 20 T i v, LB oK
M@, R A 5 mL HNO,, 10 mL HF fl 2 mL
HCIO, , 7E 150°C 4/ F AN EZ I 2 2 h, FRAR N
A5 mL HNO, | 10 mL HF 12 mL HCIO, , iZ#i F+-&
FE200CH MMM 2 ~3 h. BE FREFEERE
MM EW, A 10 mL £8 7T K kS 24
1 mL, BT 50 mL 285 P g, FH f s &
B TARBTIE I (ICP-MS) ( X Series II %I, 3& [
AN E]) X Cu, Zn, Cd, Pb., Cr A1 Ni %% 6 Fh7E
JRA T4 R 5 Y o rh i A2 B OCE I B AR TR
HEATE R, SR FH bR e T 33ERE i (GSS-3) 1)
IR, Bl o0 28 19 DGR BT ZE 90% ~ 105%
Z Il R F KRR AKE S, 4% Lk D BR kAT
25 RS, BT 12 A 2 s iR B
BT 12 AFESBEPLII 1 AR S 1E 4 IREE N E , i
H IR E B AR AR IR 2235/ 15% .
1.3 15T

5 YT SR FH b R AR B0 X — ik R
BT A DU Y i 4 s Qe R B AR
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b TR A 7 4 T = g R SR R R A
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ST ik 2 0 OF ¥ B 52 [ ADD,
mg- (kg-d) "' ]
_ C x1IngR x CF x EF x ED

ADD,, = BW x AT (2)
EZ Hji ?% ﬁm H EF: :[g ?'Elzg. % E: [ ADDderm’
mg- (kg-d) 7' ]
C x SA x CF x SL x ABS x ED x EF
ADD o = BW x AT
(3)

ZIEFEE EPA 3 B XUR P4 5 07 K3k
] & Hb 28 55 7 4 5 Y, Bk AR R R n 3k 3
Fi7R.
®3 MRKRLESEAFHRBETESHEE
Table 3 Parameter values in average daily dose calculation

models of heavy metals in settled dust
2R WHE YL A Bl
c WRIK AT IREEAKTY mg-kg™! ABFFTIM & 5

IngR  4F, AMAKDHR  mg-d™' 100

EF  BREEMR dea™! 180

ED BRI a 24

SA  BEERRF M em? 2140

SL W TR mg-cm’2 0.07

ABS RIS R TN 1.00x107°

BW Pk kg 70

AT FIRERRTE d ED x 365 (AEEUEY)

1.5 faERR XU R AE

Tz AR E M R MBUE R R RS %
E7 R A I 5% R % 58 K 2k vh B 4 A0 IR B0

BN
Q=400 ()
HI = > HQ, (6)
o, HQ A AESBUE KU 7, FAF AR5 Y 0 E 5
AR ; RID WS H K& [ mg- (kg-d) ~' ], FRTE

2 ZR5iTie

2.1 HEEEARAR AT LA

6 FIEE 4 )8 T R 7E 36 AN [F AR K A HE i v
HBA K, Cu, Zn, Pb, Cd, Cr Fl Ni 195 &L E4>
MHK:1.0 ~4500 mg-kg™' (R1,01) . 4.0 ~ 4620
mg-kg™'(R1,D1), 1.0 ~511 mg-kg™' (R1,H1)
0.01 ~0.21 mg-kg ' (R1,01) ., 3.0 ~552 mg-kg ™"
(R1,H3)#11.0~228 mg-kg ' (R1,H3). HE4JEIT
RIERA TR o A R S e 28 SRR B
3. B R, A E A S TR AR
PR A IORE - 943 A 52 BUR B3 3, B JE A e —
RO S R AR R AR B 22 AN K. filn
IVAZE KA P, Cd F1 Ni; & KA H ) Cu,
Cd, Cr Fll Ni. #501500 T, 548 & B bl K AL RiAR
(R8I T, B AN I8 & R AR Y Cr, 15 & K2R
W) Ph, BEAR KA Cu B Zn, DLJCIE B K 2 rh
) Cu, Zn. Pb., Cd, Cr FI Ni. #EN T, B4R
) R IR AR P 80/ IN T R AR, 491 T I A 3 IR A4
) Cu, 158 KA Zn FIEEAE K42l Ph. It
A, 553 4 Jm JC R AR URL h R SR A, A
I IRARF ) Cu 7E 400 ~500 wm, 500 ~900 wm
F1900 ~2 000 pm Rt B & 18 43 il 3k 34 270
2 19014 500 mg-kg™"'; fE & KAHH Zn 7E 900 ~
2000 pm KRB & REIAE4 620 mg-kg ! BEAE K
) Ph, Cr, Ni A1 Cd 7E 900 ~2 000 pm, 400 ~
500 wm, 400 ~500 wm F1400 ~500 wm Fif2BEH) &
B HIAE] 511, 552, 228 F10.20 mg-kg ™' (K 1).

Il 1 AR A [ 46 J T 3R A [A]— 2 % N K
2 vl B B R W] AR AR A A FL . SR, ) —
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RO 5 Zn 7E 4 2R AP RPRLAR 43 A B
HAMF. W= 25 FE, ZENINRA T E SR
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Fig. 1 Particle size distribution patterns of heavy metals in four types of dust
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Table 4 Influence of selection mode of dust fraction on

heavy metal content analysis/mg-kg ™!

T

S RifE Cu Zn Pb cd Cr Ni
<2 mm 729 1500 90.5 0.13 103 50.2
o <500 wm 266 1300 80.2 0.12 114 55.3
<200 wm 148 1350 71.9 0.13 117 59.1
<50 um 140 1610 75.0 0.14 112 57.0
<2 mm 116 1473 48.7 0.11 50.9 60.3
b <500 wm 150 678 61.2 0.10 56.9 67.4
<200 wm 134 652 67.4 0.12 64.5 64.7
<50 pm 106 610 85.8 0.12 68.0 70.0
<2 mm 130 618 138 0.10 144 57.8
g <500 pm 149 697 79.4 0.10 160 66.6
<200 wm 155 720 72.7  0.09 112 48.4
<50 um 153 757 72.6 0.09 110 47.0
<2 mm 57.6 123 45.0 0.09 75.1 17.7
R <500 pm  68.7 1499 53.6 0.10 88.4 20.8
<200 pm  79.7 163 63.3 0.11 942 21.1
<50 pm 50.5 152 41.0 0.08 650 19.0
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eI 5 Ph R Ni ZEIMAEE | fi iy A T Y 15 YLk
AR TR B R AR A Cd 7R 4 28R FE A
A Cr RIS M KA & A0 2 7E
T AR IR

2.2 EERMZEALRE

IVAE A, BTESE S REEMNITEYN Zn
(DA E A 2270 mg-kg ', I A = B: 2550
mg-kg "), HK K Cu(IVAZFE A:181 mg-kg ™', Ip2
2 B:198 mg-kg ™), T ERMMWESE TR N
Cd (A% A:3.08 mg-kg™", Ip A& B.3.66
mg-kg ™' LS.

A5 3 2ok 3 2 v B R A B R T A
FIRAEPES BTGP FT AL, Z5REH 6
v 43 E I B IR A TR R S B L T ) 2
ERLEE. 182 SR 6 P 4:Jm iy i & e 2R A8 1k
PREFREE (IS5 A RSD M 15.8% ~49.2% 5 I

N By RSD N 12.3% ~72.1% ), 5 /b0 840 X 0F
FEGER—F . BRI, ST R BoR AR E SR
S ARR B S E A TR M EZ T, Cr
1 Ph PSR, I A% AL B KA Cr Al Pb
5% 8 [ 43 98 13.1 ~ 151 mg-kg ™' (RSD =
49.2% ), 8.7 ~276 mg-kg™' (RSD =72.1% ) I
8.6~179 mg-kg ' (RSD =48.7% ) . 14.9 ~92.9
mg-kg ' (RSD =39. 8% ) , HAF 7 R & 7 T
E4MESE. SRERBIENIE MG T T
AN [R) B B SR 0 T 3R AS: A i 22 1) 7T i 2 A7 7E
BRI 2%, 1 1T Ud B AE == N AN K A T 4 s g
Je AR FE A v o B B R A T AR AR 1 DF
fEEATAE — 2 W BEALME, 7T S8 ME(E A5 i BE. )
Bf o220 | AR 2 ~ 4 ICRFE R R E WS
JRA P A TS Y i A AR AR R A A
SN TIETS

N

£S5 MREREFESELERIT /mg-kg™!

Table 5 Level of heavy metals in dust in the two offices/mg-kg ~

1

IVAE A B
s
EsR Mean MIN MAX RSD/% Mean MIN MAX RSD/%

Cu 192 131 302 23.2 200 163 276 17.7

Cr 77.6 13.1 152 49.2 59.0 8.7 157 72.1

Zn 2310 1 800 3300 15.8 255 2000 3080 12.3

cd 3.1 1.2 5.5 30.2 3.7 2.2 5.0 26.0

Pb 77.2 8.6 179 48.7 47.1 14.9 92.9 39.8

Ni 68.2 40.0 105 25.6 83.9 45.9 109 27.8

500 0 TREBRUEAT I ;R AR
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Fig. 2 Seasonal variation of heavy metals contents in office dust
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Table 6  Assessment results of geoaccumulation index and non-carcinogenic risks of heavy metals
[ge(, Cu Zn Pb Cd Cr Ni
0 2.32 4.23 1.02 -0.35 1.33 0.50
D 1.91 2.82 1.22 -0.57 0.61 0. 80
H 2.44 3.13 0.98 -0.99 1.30 0.23
R 0.85 0.82 0.15 -1.16 0.54 -1.08
HI Cu Zn Ph cd Cr Ni > HI
0 2. 47E-03 3. 82E-03 1. 52E-02 1. 13E-04 2. 83E-02 2.02E-03 5. 19E-02
D 1. 87E-03 1. 44E-03 1. 74E-02 9. 72E-05 1. 72E-02 2.48E-03 4. 05E-02
H 2. 70E-03 1. 79E-03 1. 48E-02 7.29E-05 2.78E-02 1. 66 E-03 4. 88E-02
R 8.94E-04 3. 60E-04 8.34E-03 6. 48E-05 1. 64E-02 6. 73E-04 2. 67E-02
. [ 9] Rasmussen P E, Levesque C, Chénier M, et al. Canadian house
3 gﬁl/k’\ dust study: population-based concentrations, loads and loading
a A L T7 9 rates of arsenic, cadmium, chromium, copper, nickel, lead,
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A{ﬁjﬁﬁﬁ@%mﬁﬁﬁ 6 ﬁié‘z\)ﬁ. EF‘%T*EX‘T@% [10] LinY S, Fang F M, Wang F, et al. Pollution distribution and

7J<llZ s %WRQQEPE:QEEKJ*R%E%%?:}EE% health risk assessment of heavy metals in indoor dust in Anhui

(2) = Wﬁl\ﬁéﬁ Ej,)_(‘/:{g IIFI E/(J *jﬂﬁéé}%ﬁ%ﬂ%ﬁ rural, China [ J]. Environmental Monitoring and Assessment,

TE WS T RAIRLL KRB S AR K 2019, 18719 « 363 | .

Eéﬁﬂg*ﬁﬁ%ﬁ%ﬁ#iﬁg%ﬁﬂﬁ], Klﬁj*ﬁﬁéﬁj’%ﬁ [11] Glorennec P, Lucas J .P, Mandl.n C, et.al. French children’s

exposure to metals via ingestion of indoor dust, outdoor

it:xrj‘jl)_{/:{:\‘qjﬁéi\}% E@ﬁ*ﬁéﬁ%ﬁ%ﬁiﬁ%?ﬁ D[ﬁ‘l' playground dust and soil; contamination data[J]. Environment
Q) EEBIEIMAZEIRLTH & EMZTT AL International, 2012, 45 129-134.

TREFEARTSE (BAHILZ T Cr, Pb (3 SRR, [12]  HEHLHR, M RE. MUASITHL R AR T RS Y S A HE A S

5% k. FEABSPEAN (1], P EPRIGEEI, 2014, 30(2) ; 70-75.

1] EHGE. SR PLOR, % TFHmARBERAESE  [13] WE, X, B0Ete, S R R TSR TS Y
Ve SRR T]. PRBERL2E, 2015, 36(8) : 2972-2980. KPR TT]. HEFREERF, 2009, 29(5) : 548-554.

[ 2] Praveena S M, Mutalib NS A, Aris A Z. Determination of heavy [14] Meng QZ, Fan S X, He ] B, et al. Particle size distribution and
metals in indoor dust from primary school ( Sri Serdang, characteristics of polycyclic aromatic hydrocarbons during a heavy
Malaysia) ; estimation of the health risks [ J ]. Environmental haze episode in Nanjing, China[J]. Particuology, 2015, 18:
Forensics, 2015, 16(3) : 257-263. 127-134.

[ 3] Butte W, Heinzow B. Pollutants in house dust as indicators of [15] LiuXT, Zhai Y B, Zhu Y, et al. Mass concentration and health
indoor contamination [ J ]. Reviews of Environmental risk assessment of heavy melals in size-segregated airborne
Contamination and Toxicology, 2002, 175 1-46. particulate matter in Changsha [ J ]. Science of the Total

[ 4] Frederiksen M, Vorkamp K, Thomsen M, et al. Human internal Environment, 2015, 517 215-221.
and external exposure to PBDEs-a review of levels and sources [16] Mercier F, Glorennec P, Thomas O, e al. Organic
[J]. International Journal of Hygiene and Environmental Health contamination of settled house dust, a review for exposure
2009, 212(2): 109-134. assessment purposes| J |. Environmental Science & Technology,

[5] B8, BF, B, % K& 3K A T 4 R 2011, 45(16) : 6716-6727.

WERBPPAR ). hEPREERIS:, 2015, 35(4) ; 1247-1255. (171 Hewe, XU, 4edate, A5 Loy sl ik A 4 Jm 5 ekt

(6] e, Ak, WA, A DRI A T R 0 2 ] YN 5 AT [J]. SREERRE 2008, 29(12) ; 3489-
SRATRRAERIFELT]. AEASHRET, 2008, 17(2) : 560-564. 3495.

[ 7] Chattopadhyay G, Lin K C P, Feitz A J. Household dust metal [18] Zhao HT, Li X Y, Wang X M, et al. Grain size distribution of
levels in the Sydney metropolitan area [ J ]. Environmental road-deposited sediment and its contribution to heavy metal
Research, 2003, 93(3) . 301-307. pollution in urban runoff in Beijing, China [ J]. Journal of

[8] Wang W, WuFY, Zheng J S, et al. Risk assessments of PAHs Hazardous Materials, 2010, 183(1-3) . 203-210.
and Hg exposure via settled house dust and street dust, linking [19] Zhou Q H, Zheng N, Liu J S, et al. Residents health risk of Pb,

with their correlations in human hair[ J]. Journal of Hazardous

Materials, 2013, 263 . 627-637.

Cd and Cu exposure to street dust based on different particle sizes

around zinc smelting plant, Northeast of China [ J ].



1278 %o B % 37 %
Environmental Geochemistry and Health, 2015, 37 (2) . 207- (10) : 4017-4023.
220. [26] BRI, A2, BRb, 4. b+ 48 & i 5l
[20] ARERME, 7RG, ISR, 5. S NIKATE SR 15 Rt it RIRGEMIE[]]. BRI, 2004, 25(1) . 117-122.
JEL)]. WS A4, 2015, 28(3) ; 29-34. [27] USEPA. Supplemental guidance for developing soil screening
[21] =g, sR@Tae. 3Ty X0 3 2 1 7 4 R DR 2 1) 22 levels for superfund sites [ R]. Washington: US Environmental
WA T]. BEERE, 2015, 36(6) ; 2274-2282. Protection Agency, 2002.
[22] ZEIEFE. ZA5 R0 5t BTN 5] T e X 3R Ik 2 5 4 I 1Y 3 (28] M]3, WEEREIEM ST AR [ M]. dbst. hEH
WAL, FEERIE, 2013, 34(6) : 2407-2415. BERL A, 2000. 163-180.
(23] W75, ZRWEE, Wias4r. % PHA Xy 3ok R i o 3 k2 o 4 [29] ikEple, ZEmEaE. T KR T R MK ROk R[]
JEAKE KA 4y [ T]. HIEREREL, 2012, 40 (4): 584- Wik, 2014, 33(7) : 1201-1207.
588. [30] R, ARBRME, EMEAR, 55 Wl KA v 4w /Y ok
[24] WENEFT, A3, MARTT, A5 S FH b T SRS B0 B 3 T A U5 BRERAROE MICIREAUN [ J]. ARk, 2011, 31(23)
R IR AT XD AR G B [T ] RALFRETRE 2 24l 7301-7310.
2006, 25(4) : 949-953. [31] CaoZ G, YuG, Chen Y S, et al. Particle size; a missing factor
[25] EVE ) BEA, M2, MUl 3ok T A K 4 T 4 R AR M in risk assessment of human exposure to toxic chemicals in settled

PR PEA . UF BTG ()], FRERL A, 2013, 34

indoor dust[ J]. Environment International, 2012, 49 . 24-30.



HUANJING KEXUE Vol.37  No.4

Environmental Science ( monthly) Apr. 15, 2016

CONTENTS

Chemical Characteristics of Particulate Matters and Trajectory Influence on Air Quality in Shanghai During the Heavy Haze Episode in December, 2013 «ereeresereresseremenensininensn
.................................................................................................................................................................. ZHOU Min, QIAO Li-ping, ZHU Shu-hui, et al. (1179)

Analysis of Single Particle Aging and Mixing State at an Agriculture Site ( Quzhou) in the North China Plain in Summer Using a Single Particle Aerosol Mass Spectrometer —+«+x«+sessereeseeees
HUANG Zi-long, ZENG Li-min, DONG Hua-bin, et al. (1188)
Investigation of Aerosol Mixed State and CCN Activity in Nanjing -«++eereeeeeeeees +++ ZHU Lin, MA Yan, ZHENG Jun, et al. (1199)
Characteristics of Number Concentration Size Distributions of Aerosols Under Different Weather Processes in Beijing SU Jie, ZHAO Pu-sheng, CHEN Yi-na ( 1208)
Temporal and Spatial Distribution Characteristics of PM, 5 in Chongqing Urban Areas «+r++resrererrersssrssnmresinnneninnssnnenens LIU Yong-lin, SUN Qi-min, ZHONG Ming-yang, et al. (1219)
Comparison of Monitoring Methods of Organic Carhon and Element Carbon in Atmospheric Fine Particles — ««+xesseseeeesensenennenenenneinns PANG Bo, JI Dong-sheng, LIU Zi-rui, et al. (1230)
Residue Characteristics of Perfluorinated Compounds in the Atmosphere of Shenzhen HE Peng-fei,ZHANG Hong, LI Jing, et al. (1240)
Monitoring Atmospheric CO, and §'*C(C0,) Background Levels at Shangdianzi Station in Beijing, China XIA Ling-jun, ZHOU Ling-xi, LIU Li-xin, et al. (1248)
Concentration and Size Distribution of Bioaerosols in Indoor Environment of University Dormitory During the Plum Rain Period - LIU Ting, LI Lu, ZHANG Jia-quan, et al. (1256)
Air Microbial Pollution and Health Risk of Urban Black Odorous Water —+x«ssessessesseressensensenssiinsnsnsiniisii s LIU Jian-fu, CHEN Jing-xiong, GU Shi-you ( 1264 )

Particle Size Distribution, Seasonal Variation Characteristics and Human Exposure Assessment of Heavy Metals in Typical Settled Dust from Beijing «++eesvereereseseressersienensiniinensnn
CAO Zhi-guo, YU Gang, LU Xiang-ying, et al. (1272)
- WANG Li, WANG Li-jun, SHI Xing-min, et al. (1279)

Distribution Characteristics and Source Analysis of Polycyclic Aromatic Hydrocarbons (PAHs) in Surface Dust of Xi’an City, China -

Toluene, Benzene and Acetone Adsorption by Activated Carbon Coated with PDMS «+seeeresessessssssrensimnmnininnninisis s LIU Han-bing, JIANG Xin, WANG Xin, et al. (1287)
Distribution Characteristics, Sources and Pollution Assessment of Trace Elements in Surficial Sediments of the Coastal Wetlands, Northeastern Hainan Island —«++xeeseeesseeesneeneesneeniennnne
......................................................................................................................................................... ZHANG Wei-kun, GAN Hua-yang, BI Xiang-yang, et al. ( 1295)
Heavy Metals Accumulation in the Caofeidian Reclamation Soils; Indicated by Soil Magnetic Susceptibility +««+«+=«ssseseseereesnesmerenenniencnennenes XUE Yong,ZHOU Qian, LI Yuan,et al. (1306)
Characteristics of Stable Isotopes in Precipitation and Their Moisture Sources in Mengzi Region, Southern Yunnan -+ - LI Guang, ZHANG Xin-ping, XU You-peng, et al. (1313)
GIS Spatial Distribution and Ecological Risk Assessment of Heavy Metals in Surface Sediments of Shallow Lakes in Jiangsu Province »«+++-+: LI Ying-jie, ZHANG Lie-yu, WU Yi-wen, et al. (1321)
Microcosm Simulation Study and Methylmercury Forming Mechanism at Landscape Water of City «+«sesseereereseserenenenineneninincneen LIU Xiao-hong, SI You-hin, GUO Zi-wei et al. (1330)
Seasonal Stratification and the Response of Water Quality of a Temperate Reservoir—Zhoucun Reservoir in North of China «+++++- ZENG Ming-zheng, HUANG Ting-lin, QIU Xiao-peng, et al. (1337)
Hydrochemical Characteristics of Snow Meltwater and River Water During Snow-melting Period in the Headwaters of the Ertis River, Xinjiang —veoeeeeseererersiemenieneninin.
WEI Hong, WU Jin-kui, SHEN Yong-ping, et al. (1345)
Relationship Between the Phytoplankton Distribution and Environmental Factors in Fenhe Scenic Spot of Taiyuan «-«+:«sseseeeeeeereneeesenens FENG Jia, GUO Yu-ning, WANG Fei, et al. (1353)
Distribution Characteristics of Nitrifiers and Denitrifiers in the River Sediments of Tongling City -+ CHENG Jian-hua, DOU Zhi-yong, SUN Qing-ye ( 1362)
Contribution of Base Flow to Total Nitrogen Loading in Subtropical Agricultural Catchments —+xesxesressessesemensinininniiiii MA Qiu-mei, LI Wei, WANG Yi, et al. (1371)
Characteristics and Transport Patterns of Ammonia, Nitrites, Nitrates and Inorganic Nitrogen Flux at Epikarst Springs and a Subterranean Stream in Nanshan, Chongging -+eveeeeseesreseeees
- ZHANG Yuan-zhu, HE Qiu-fang, JIANG Yong-jun, et al. (1379

)
Pollution Characteristics and Evaluation of Nitrogen , Phosphorus and Organic Matter in Sediments of Shanmei Reservoir in Fujian,China -+ QIU Zu-kai, HU Xiao-zhen, YAO Cheng, et al. (1389)
Effect of Elodea nuttallii-immobilized Nitrogen Cycling Bacteria on Nitrogen Removal Mechanism in an Inflow River, Gonghu Bay -+ HAN Hua-yang, LI Zheng-kui, WANG Hao, et al. (1397)
Spatial and Temporal Distribution Characteristics of Different Forms of Phosphorus in Three Sorts of Rivers around Lake Taihu +-++++++- GAO Yong-xia, SONG Yu-zhi, YU Jiang-hua, et al. (1404)
Distribution of Phosphorus Forms in the Overlying Water Under Disturhance with the Addition of Algae ** * CHEN Jun, LI Yong, LI Da-peng, et al. (1413)
Impacts of Sediment Disturbance on the Distribution of Suspended Particle Size and Phosphorus »«+:+e-ssseeseseeseae » GUO Jun-rui, LI Da-peng, LIU Yan-jian ( 1422)

Effect of Zirconium Modified Kaolin-Based Cap on Migration and Transformation of Phosphorus Between Sediment and Overlying Water

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHANG Zhe, LIN Jian-wei, ZHAN Yan-hui, et al. (1427)
Toxicity of 4-Chlorophenol Solution Under Electrochemical Reduction-oxidation Process —««rsesesesrersersenesemenennineninnsininssneee WANG Yan, SHI Qin, WANG Hui, et al. (1437)
Removal and Recycle of Phosphor from Water Using Magnetic Core/Shell Structured Fe40,@ Si0, Nanoparticles Functionalized with Hydrous Aluminum Oxide ~««+eeeereseeersensmsesenenneeees

-+ LAL Li, XIE Qiang, FANG Wen-kan, et al. (1444

)
Occurrence and Removal of Polycyclic Aromatic Hydrocarbons and Their Derivatives in Typical Wastewater Treatment Plants in Beijing «+»++++ QIAO Meng, QI Wei-xiao, ZHAO Xu, et al. (1451)
NIU Tian-hao, ZHOU Zhen, HU Da-long, et al. (1460)
LI Xiang, ZHU Liang, HUANG Yong, et al. (1467)
)
)
)

Spectral Characteristics of Dissolved Organic Matters in Reject Water from Wastewater Treatment Plants

Feasibility and Economic Analysis of Denitrification of Photovoltaic Wastewater Containing High Fluorine

Quick Start-up and Sustaining of Shortcut Nitrification in Continuous Flow Reactor =~ «+esresrereeresemenensinininiiniiinnienns WU Peng, ZHANG Shi-ying, SONG Yin-ling, et al. (1472
Performance Recoverability of Denitrifying Granular Sludge Under the Stressing Effect of Nanoscale Zero-valent Tron = «+seeeseesesseneess WANG Fan-fan, QIAN Fei-yue,SHEN Yao-liang et al. (1478
Effect of Low-concentration Ciprofloxacin on the Nitrification and Nitrifying Microorganisms of Biofilms in Biological Aerated Filter —««+s«+sesseeeseee HE Shi, GU Chao-chao, WEI Xin, et al. (1485
Optimization Study on the Nitrogen and Phosphorus Removal of Modified Two-sludge System Under the Condition of Low Carbon Source ++«+xeseereeseereserenerenimmieneniiininiinenn
...................................................................................................................................................... YANG Wei-qiang, WANG Dong-bo, LI Xiao-ming, et al. (1492)
Effects of Short-time Conservation Tillage Managements on Greenhouse Gases Emissions from Soybean-Winter Wheat Rotation System ~ ++++++++++ XIE Yan, CHEN Xi, HU Zheng-hua, et al. (1499)
Diurnal and Seasonal Dynamic Variation of Soil Respiration and Is Influencing Factors of Different Fenced Enclosure Years in Desert Steppec «-«+:«+sesseseeseesesees CUI Hai, ZHANG Ya-hong ( 1507)
Correlation Among Soil Organic Carbon, Soil Inorganic Carbon and the Environmental Factors in a Typical Oasis in the Southern Edge of the Tarim Basin =~ «+eseeseereereeresenenensenenenn
......................................................................................................................................... GONG Lu, ZHU Mei-ling, LIU Zeng-yuan, et al. (1516)
Effects of Low-Molecular-Weight Organic Acids on the Speciation of Ph in Purple Soil and Soil Solution LIU Jiang, JJANG Tao, HUANG Rong et al. (1523)
Phytoremediation of Petroleum Contaminated Soils with Iris pseudacorus L. and the Metabolic Analysis in Roots ~ +++v+eererreseeeresenenneneeene WANG Ya-nan, CHENG Li-juan, ZHOU Qi-xing ( 1531 )
Oxidation Process of Dissolvable Sulfide by Manganite and Its Influencing Factors LUO Yao, LI Shan, TAN Wen-feng, et al. (1539)
Screening and Enzyme Production Characteristics of Thermophilic Cellulase-producing Straing «+++++++- FENG Hong-mei, QIN Yong-sheng, LI Xiao-fan, et al. (1546)
Development of Determination Method of Fluoroquinolone Antibiotics in Sludge Based on Solid Phase Extraction and HPLC-Fluorescence Detection Analysis «+-«+«sssersereeressensesenenennennenens
.................................................................................................................................................................. DAI Xiao-hu, XUE Yong-gang, LIU Hua-ie, et al. (1553)
Distribution and Risk Assessment of Sulfonamides Antibiotics in Soil and Vegetables from Feedlot Livestock ««+sessesrerseeeesesnerennsennenne JIN Cai-xia, SI Xiao-wei, WANG Zi-ying, et al. (1562)
Influence of Four Kinds of PPCPs on Micronucleus Rate of the Root-Tip Cells of Vicia-faba and Garlic ++++veveeeresrernereeresenennen WANG Lan-jun, WANG Jin-hua, ZHU Lu-sheng, et al. (1568 )
Environmental Behaviors and Ecotoxicology of the Emerging Contaminants Polyhalogenated Carbazoles +-«+++++++s+sseseext LIN Kun-de, CHEN Yan-qiu, YUAN Dong-xing ( 1576)
Classification of Priority Area for Soil Environmental Protection Around Water Sources: Method Proposed and Case Demonstration =«+«+++++++- LI Lei, WANG Tie-yu, WANG Xiao-jun, et al. (1584 )



£ .

CGrER=ZNE 6

K FH H

BIES: B RE BN

EHREZERS

%OE. (REREEHT)
3 N iy -
TENL  FAERE FIE F44r H O N H O OF L
S, o == 2z
AOKE KEE X s w0 RS ARE
— N - N =
WO EGE RS % AR AT MW Bk % B
B B9 W N W W BIEK
-
w3 ENVIRONMENTAL SCIENCE
( H};J{AJ‘NJINC;;‘: KE)ﬁ(JLTJJE) (Monthly Started in 1976)
(HHl 1976 4% 8 UREID)
201644 B15H #37% Ha Vol.37 No.4 Apr. 15, 2016
= & hEPFERE Superintended by Chinese Academy of Sciences
F i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e 7 (USSR RF) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
A = - - Protection
e % KK [ School of Environment, Tsinghua University
i Editor-in -Chief ~ OUYANG Zi-yu:
. BAREAE) G E RS Ed;t:(: } ) by The Editori ll}]l:omd f Envi tal Sci (HUANJING
L0l 2871 {2548 ( T D DL B y e Editorial Board of Environmental Science >
18 5, MR 4% : 100085 ) KEXUE) )
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn F-mail :hjkx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn http://www. hjlex. ac. en
H KR 44 3 " " m Published by Science Press
It B A AR 7 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
EN Rl 3£ 4T dtmcdbAkEpRI Printed by Beijing Bei Lin Printing House
% 1T 4 4 & K i Distributed by Science Press
35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT M l 4= [E 45 Hu ik F Ry Domestic All Local Post Offices in China
Eih 2L r ] [ B 52 5 VA ) Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. O. Box 399, Beijing 100044 , China
—erim  ISSN  0250-3301 s f =
nEHS ———————— X
RERETS: 1805 x EREZ RS 2-821
B A E fir:120.00 T ESEZITRS: M 205

BRSNS FET





