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Abstract : The goal of the present study was to explore the effects of traffic-related air pollution exposure on DNA methylation. Into five
groups of 6, 30 healthy Wistar rats were randomly divided. Three groups of rats were then exposed to traffic-related air pollution at high
(tunnel) , moderate (crossroad) , and low (control) pollution levels for 7 d, whereas the two other groups were exposed in the tunnel
for 14 d/28 d. The levels of PM,, and NO, were measured during the exposure. The study was performed in spring and autumn, and
lung tissue and blood were collected after the exposure. Promoter methylation levels of p53, MGMT, and MAGE-A4 were quantified via
pyrosequencing. The levels of PM,, and NO, in the crossroad and tunnel groups were significantly higher than those in the control
group. After 7 d exposure in autumn, promoter methylation levels of p53 and MGMT in lung tissue significantly decreased, and the
methylation status continued to decrease with increasing exposure time; MAGE-A4 was highly methylated and showed no difference
among the three groups. DNA methylation in lung tissue was more likely to be changed compared with that in blood during 7 d
exposure. As the exposure time increased, DNA methylation changes between blood and lung tissue started to coincide. In lung tissue,
PM,, exposure was significantly associated with decreased p53 promoter methylation (r= —0.347, P =0.038) and NO, exposure was
significantly associated with decreased promoter methylation of p53, MGMT, and MAGE-A4(r = —0.482, —0.444, and -0.346,
respectively; P <0.05). In blood, PM,, and NO, were significantly and positively associated with MAGE-A4 promoter methylation (r
=0.395 and 0. 431, respectively; P <0.05). Traffic-related air pollution exposure may induce promoter hypomethylation of p53 and
MGMT.
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2% A K e E BT FRE, - 80C &
FE. M2/ 1M DNA () $2 B4 I DNA $2 B 5]
G TR AEY T AT, PCR FIAS BRI T 305 43 T SC
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Table 1  Primers and PCR conditions for DNA methylation analyses
LR 514 HEEIR ] CpG
A (5 103") (5" 103") (5 103") PCR S AMF 7 45,
95°C 15min(1 MEH)
ATTATAGTTAGGGGGT ~ bio-AAAAAACCAATAACC e } 94°C 30 s, 57°C 30 s, 72°C 30 s
p33 ATTTGGTA ACAAAAAACTCATC CEOECTATITCOTAT (45 MEH) 3
GTTTTTGTATAGTTTG bio-AAAAAAAAAACCCTT 94°C 30 s, 57°C 30 s, 72°C 30 s
memr TAAATTGGTGAGT AAAACAACTCAA CTCAGTITICGGETA (45 MIEIH) 2
TATTTTGTAAGATTTT bio-AATCAATCCAAAATT 94°C 30 s, 57.5%C 30 s, 72°C 30 s
MACE-A4 TGGAAGGAAGTTGT CTCACCTCAA TTGGAAGGAAGTTGTAT (45 MEA)
72°C 5 min(1 MEH)
1.5 Zitabr ®2 EVEEEBRMATIESERXESRTRYKED
% JEH SPSS 20. 0 Qfﬁ )L_I_ i—f;k ﬁ: Xd‘i Eﬁ%[ ;JE i;:—l:ﬁi, 6} Table 2 Mean concentrations of traffic-related air
*ﬁ DNA Eﬁ%’ﬂ’,]‘l(ilz ttiﬁff@é‘ﬁ?&ﬁ}?ﬁ Fﬁilzi@ﬁ pollutants during the exposures
’ e 154 as=s (&=
— v f— = nj: Ne=n N by E=d \‘&
i\ﬁ/ﬁ;‘%%g%ﬁ%%%%ﬂ‘ Z{Z:"%E/J%U’:"H R 54.17 £31.95 69.06+7.18
%ﬁuajﬂl%gﬁﬁggﬂ,E%Dyaj‘jtpgﬁﬁgéﬂ,&[ﬂU3jﬂX¢ PMIO/“‘g.m’3 Eﬁugﬂ 531.94 +125. 40" 604. 17187:3_43
PR R B DR 3 7 22 74 43 B AS [A) 2% 5% 41 (8] DNA BEIHAL 1258.33 £216.10"" 1684, 72+i'93 05"
ALK 922 57, 2R Spearman #H OG0T i 70 B KFE4L  28.05 +6.08 24, 97"+6 76
SYL 5 DNA B E &, PG 52 Lﬂﬁﬁ] NO,/pg-m~> BRCIZHL 92,621+ 18.05° 115. 33+21 15°
2 A a,b i a,b
RS, B4 P <0.05 25t A5 ¥ i A o 45
“Frﬂéﬂ 16.3 10.7 2241 5.
2 %Eﬁﬂ‘ﬁ /C [ g 16.740.7 22:87%2] 5.#,
Y | R4 18.7 20,8 23.2+0.9

e D ) f,x
%/\ﬂﬁﬁgﬂﬁqj KBRS aﬁ%ﬁﬁ%ﬁ'ﬁ
ESs R 7ACT O WU R L3 2, G g %(PMIO\

NO, ) VR EE &5 gl ( 725 S 5R 4 >E%D(ﬂfjﬂmgﬂ) >
Bl AL ) 2250 HPA 2 B 3L %ﬁb,@(é#’s y

m%{f&rﬁm?%}& {H2: R TS24 X =
2.2 F#%7 dJ5 DNA ﬁ3ﬁ1t7k¥tlzﬁz
BRREEET d 5, EMA LM, & %0
p53. MGMT FI MAGE-A4 Jii 3 F W 3 ALK 78 =41
AR ENGIT LS. KERETIG, B O

Da %%?Eﬁil;léji WA, P <0005 s b #7715 K 11 41 Hetie, <0, 05""'

=

T

&, X “
%H[SZL% 2 Jifi 2H 28 p53 ( Py, = 0. 000 PW =

0.000) Al MGMT( Py, =0.000; Py =0.001) Jri 5l
T KPS TR 4L %ﬁﬁﬁ?ﬁfr‘”‘ﬁ
ML p53 1 MGMT Ji 3+ W B Ak K175 & %%

W BINFAEG 2R MAGE-A4 Jaijﬁilﬁi?
E RS B8R 7 d 5, fEIR A SURN R
YR KB MAGE-A4 J5 31 H S AL K78 = A 1l 77
FEREMGIT22E 7. TR 3.

*3 BE7dREARMMAL/ MK DNA BEMLKED

Table 3 Promoter methylation changes measured after 7 d exposure

- &% ez
74 el 41 BREI2H (SR 74 el 21 BRO2H %3 21

153 fili 2H 23 8.44 £2.58 8.83 +£2.33 7.00 £1.41 12.17 £1. 11 8.33 +0.56° 8.67 £0. 52

IR 7.56 +1.17 5.83 +1.41 6.17 1. 03 9.83+2.10  10.83 +2.39 12.67 £1.03

MCMT fili £ 241 11.42 £2.50 10.50 +2. 32 8.75 0. 82 19.08 +2.27  10.08 £0.80*  11.42 0. 66°

IR 9.25 +0.52 8.33£1.33 7.92 £2.44 14.67 £2.34  12.83 £3.16 16.67 £1.08

MAGE-A4 fili i 41 92.83+1.09  90.94+2.25  91.72 +1.60 93.22+0.72  92.22+1.94 92.28 +0. 44

M 91.72+1.78  92.72x1.73  92.61 =0.65 91.44+0.81  92.17 +2.21 93.50 +0.72

1)a FRGREA LR, P <0.05

2.3 DNA WEAE/KF-5 75 G AH DA 73t FALACE R A ERER (r= -0.347; P=0.038),

Iz 4 Jros FERZHE R PM AT pS3 5 3l

15 MGMT , MAGE-A4 J& 2§ H HAL AT IO A Gk
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TR BT B FEAE AR C (r (E 25100 - 0. 482,
-0.444 . -0.346, P {1 <0.05). fEIMLH T+,
MAGE-A4 J7 8+ W B4k 5 PM,, . NO, ¥ & 1E
M (r fH 53318 0.395, 0.431, P <0.05); PM,,,
NO, 5 p53 . MGMT Ja 2 ¥ W KL ALK 7 B AH OGP 1
TGt 22 5.
%4 DNA BHEMKFESTEY(PM,,. NO,)
XM HER(r H)"
Table 4  Association of PM,/NO, average

exposure with promoter methylation levels

WK 5t JitiZH 41 1ML
T P{H r, P1i
p33 -0.347° 0.038 0.248 0. 144
PM,, MGMT -0.315 0. 061 0.259 0. 127
MAGE-A4 -0.312 0. 064 0.395* 0.017
p53 -0.482° 0. 003 0. 206 0.228
NO, MGMT -0.444° 0. 007 0. 142 0. 409

MAGE-A4 -0. 346" 0.039 0.431°*

0. 009

1)a &R P<0.05

i .‘.“.-

#5 BERET /1428 d FARMALY MK DNA FEAAKTHE

Table 5 Promoter methylation changes“measured after 7 d/14 d/28 d ex{)';JsuresLin the tunnel

2.4 DNA HHEALK-5 2588 I A] 1 5C &

FIHI % 18 2 58 20, R MR B S YL ) 2 67 1
OUT ,DNA HIEAL K P 5 28 B8 I (] (9SG, Ik 5
iR, RZEREGA T, 2 p53 1 MGMT )5 31+
FH S K - i 5 528 HsF [ ) 18 Jn S B AT T 5 gl
0% 28 d 5, MW p53 F1 MGMT J5 8 W 34k K F-
FUET . R REA D, A8, M ps3 M
MGMT J& 3 LAk 7K - Bifi 22 528 Hsf 1] 18 18 177 28
FEAK. TCieH TR LT MAGE-A4 5 5T F 34k
KT FEE AR AN it 5 1 S [va) 18 a0 1 A b 3 P el AR

3 it

RSB IEF, FW fe IH 57
I 2 1 2 R VA (0L Ll 01 5 A e WLt
S S B SR S R DR R R
BF9E B IR R T 2038 15 e B §8 X pS3 AMGMT
MAGE-A4 JEIRJi: 81T W Ak T (S A ¢
W3 (A 6 53 A 0 A 1 PR RO 3 B TR Y
EES SO . S

i o
o

i 7d W 8 28 d FEETIR | 14 d .28 _
\ost S e 7.00£1. 47 ‘ 5 06 £0. 44 12.94 +0.88"" / 8467%0.52 5  8.00=0.82 5.78 11.0573*““"'
il 7% 6.17+1.03 /170020042 | 11.3322.21) 1206741.037 1 7,80£0.75"  6.33%0.993"
~VCMT Jifr £ 2 8.75 +0. 82 / 6.‘17"‘10. 61° | 17.50 2.41%h 1. 42%0.66 11,50 £0.95 8.00 161"
i IR 7.9242.44 || 8708%£0.80 ' 14,25 +3.28%" £16.67 +1.08 7.75 £2.12°  11.50 £2.07%"
']l;/:{GE;;l4 g WAZT 91.72+1.60, 92420 +1.67 92.61£0.83 9228044  91.94x0.71  91.78+1.03
N i 1L ¥ 92.61£0.65  93.61.£0:49  92.17+1.31°  93.50+0.72  92.50«1.22  92.110.72

1)a %745 7 d HE, P <0.05; b %75 14 d ks, P <0.05

H AT TR p53 kPR 2 20 M 3 T i) — b o ] 30
KI5 MGMT J R VR Ay Jifsgg 41 of Jik PR, 5 3 3 B
BRBELLFI A , £R 5 40 B e 52 e Ak 5770 208 78 FH 1)
168 ; MAGEs 3LIH 222 55 I Jed 20 Jfd 1) 3% JE 54 75
A 3B FR, Bl R N 408 R AE AR pS3. MGMT,
MAGEs JEH W 3L 50 I 4. A 98 & B, Bk 2%
ERTE T d 5, WAL T ps3 R sh 1 3L KFE
FRAR, 7 ELBE % R R R A3, H Ak —
SERRAIG, 3k 5 1 P A A A 5% 45 SR A — B A ST
TEA T T EWE PM A PAHs 19 T T ML H &
BT pS3 FE A B AR S B4 2
D P S - o e 0 N O B i PN &
DX B A Il A R A T A DU S & B, pS3 &R S s P
A KB 25 e A -5 1) T B 8 4 i I i A

A HRIETS R R R S5 MOMT JE 3 7 &

Peluso

AR A T 5 7 il 20 B P A 21 T MeMT
o PSR G 02T AR TR S T T Y R R
SFHMCMT Ja s FARW A4 A —3. mlg
T MGMT Ja 8 TR B B4k 2 23 R0 Y 2 8 5 | ke il
FER— R BT AR S AN R HL X AS [R] B 4
15 K- 15 Y FERIE AT TERT AR A K,
T EA 5 5 itk — 20 [ .

AT 5 76 i 96 s N B4 IR Y PP RSN B T MAGE-
Al Fl MAGE-B2 J7 8 TR F AL B E ). MAGES ik
FH LAk 2 2 ol P R 3 0 A6 1) 38 b 2 — , AL 4 il
SR HARIE S R Bl IS e R B IF AL T
MAGE-A4 JA 8+ W B K- A B35 0. e
MAGEs R A B v B2 W Ak, HUAE S2 0 RiG £
YR FRIKE P M, BT B MAGESs 3k PR A% HY 2
PRI e % A e i A



8

TEIEAE . S5 Y 255 4 DNA H AL A4 520

3533

FAEAR T LB R R S R i R
Z— AT 43 SIE R RIBK Z HEAT T — R
R BRSL I, IR LA T WI B DNA FI ALK - 1 2%
S EFB K, BKZEXT BRAL pS3 I MGMT )3 3
TR T i TAF AL, 0 e 50 5, 5
AR — 2 BT 5. ABTS IR KB, RARK 15 e
KPR AT ) 22 5 T B2 78 X IR Wik A
MUBHEE R 2 5 KB R T d 5, S
pS53 . MGMT Ji3 8l T ALK 1 PR, IR Z 5
BT A S5, RE I3 L ALK AT AR G 2 2%
S 534N, E R T B 5 BRI [ 699G, I 4 4
53 MGMT J& 3 T W BEAL AP AR 15 7E7k
7 B2 p53 . MGMT Jit 8l 1 W Sk K V- il 4 7 5%
I i B4 TS A UG R MRS ™ 2
P AN 5 A ] T R 5 04 A 2L IR AR [l A
e, AL 3 AL R 0 A G, LR
PR itk — 2 BT

PRI 2 AT Y AP B Y B Ut 1 2 I AT 5
L USRI R BFFREA. A SE 1 U Lo TR
e F— R M A 2 2R Hh DNA FH 3
WK FHCERR % 5. B T d 5, i AL
BB AGALLY p53 . MOMT J3 517 A
5 0 01 B BT o B S T A I
W X A AR R B K AE 3L B A A
B 5 A BRI T 5 A B AR

PAIIT NOYHR A2 317 53 97, Searmnan 1K 7

4755 St % M, . NO, 197 d S5 e e
DNA PR A K SV (9 5 W 98 K. 336 66 22 W o ¥
DNA HIEA L I R AR 5 &2 2%, Br R 2 B A I =
AN, 23 A Y R BR B R 0 S VR I 10T | A B 3 5 PR
ZREAR R AR (E B 6 A (4
I RV T DNA A K S e A 24
—F R EV, MRREA 5 R4 ELRERR 1 Hy
52 Wi 261 25 v 5 PR YA K ST A 1 10 8 SR T
A AT LA PR R A SURE AR BIF 15 e B B X 21 4
DR R ALK ST S S ) e S T 5 ) S R
AT IR, G 55 P L VRRE AR, 4 Y 4 R R
.

A B SR FHT 5 Bl A0 57 0 A 00 R i £ 7k
-, HCLE T PR, T LA G I A CpG iz 5
PP AL KT R I 5 T . AR U5 1 Wk L T
TFZHL R LR T DNA F S K P e s g 2 5. AR
SRR, BRI A R (1554
TELEE | MRS ) X DNA FP b K S 6 S, fELJE:

DA 2 25 B 2R 0 sk R /. ok, AR 5T LA R R
FSEE XS, RS RS 7 AR B o —
UG, feJa , A 9T L3 W5t 14 27 18 1 5 a7 oo AR
hEsJRte bR, BRI 277 28d J5 ,p53 Fl MGMT Ji
B H ALK S5 HFE B2 R IFAK, HIL T
T 0 B AL 2B S el AR 5 0 kA M K

&it

£

(1) 2815 Y AR 85 2 80 p53 A MGMT J5 8+
R AL, H DNA AR AT SO AFAE 2515 2 5 Fl
HNZE S A REET S5 DNA WEAL K&
AR RZH 2 DNA HE SR KBS L il i B
(2) BI85 e 2 23 7 | B2 IR BR im0 il 2 21
p53 . MGMT JA 8l ¥ BV R K- S8 U | (H R WL g
R S A 2 B T MU M 2
WA i JEE AR S A0 1 J LA 20 S st
L2 (1 25 B T T & IR IHRTR TT I 1 FR
U VRl A e A T
TSR AR BL AR T B2 3 S, T L A
VTSR OO R T R,
pExm: V) Ty & -~
[ 1] Heck J.HE.‘:, Wu J,/ Lombardi C, et al. Childhood “cancer aumfl“;'.‘
traffic'—i‘claﬁ?l air pollu.t;dn exposure in pregnancy and ea’rlyu life
[Jl. En;'fironmenlal Health Perspectives, 2013, 121 ( 11';‘1!2) :
1385-1391. ]

[ 2] Esposito S, Tenconi R, Lelii M, et al. Possible molecular
mechanisms linking air pollution and asthma in children [ J].
BMC Pulmonary Medicine, 2014, 14(1) . 31.

[3] WA, #ede, 4 % Mzl ETHESTPARR
YRR 7], FRIERLE, 2012, 33(11) ; 3718-3724.
Ye C L, Xie P H, Qin M, e al. BTX monitoring nearby main
road traffic in Guangzhou[ J]. Environmental Science, 2012, 33
(11) . 3718-3724.

[4] &, BRCA, WK FRESSERF RS G R K H
WEfEELT]. PTG 22455, 2011, 45(11) ; 1043-1045.

[5] Patel M M, Miller R L. Air pollution and childhood asthma;
recent advances and future directions [ J]. Current Opinion in
Pediatrics, 2009, 21(2) ; 235-242.

[6] Chen W Q, Zheng R S, Baade P D, et al. Cancer statistics in
China, 2015[J]. CA: A Cancer Journal for Clinicians, 2016,

66(2) . 115-132.
[ 7] Jardim M J. MicroRNAs: implications for air pollution research
[ J]. Mutation Research/Fundamental and Molecular

Mechanisms of Mutagenesis, 2011, 717(1-2) ; 38-45.

[ 8] Holloway J] W, Savarimuthu Francis S, Fong K M, et al.
Genomics and the respiratory effects of air pollution exposure[ J].
Respirology, 2012, 17(4) : 590-600.

[ 9] Reid B C, Ghazarian A A, DeMarini D M, et al. Research

opportunities for cancer associated with indoor air pollution from



3534

woooH

2% 38 &

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17] #Robles A T, ,Llnke S P, Harris C C. The p53 netWork ﬁl ln‘hg-.

'3

(187

[ 19] | Woodson K?‘ Mason J Choi S

[20]

[21]

[22]

[25]

solid-fuel combustion [ J ].
2012, 120(11) : 1495-1498.
Soberanes S, Gonzalez A, Urich D,

Environmental Health Perspectives,

et al. Particulate matter air
pollution induces hypermethylation of the pl6 promoter via a
mitochondrial ROS-JNK-DNMT1
Reports, 2012, 2, 275.

Bowman R V, Wright C M, Davidson M R,
targets for the treatment of respiratory disease [ J ].
Opinion on Therapeutic Targets, 2009, 13(6) : 625-640.
Yang IV, Schwartz D A. Epigenetic control of gene expression in
the lung[ J 1.
Medicine, 2011,

pathway [ J ].  Scientific
et al. Epigenomic

Expert

American Journal of Respiratory and Critical Care
183(10) : 1295-1301.
Rager ] E, Smeester L, Jaspers I,

et al. Epigenetic changes

induced by air toxics: formaldehyde exposure alters miRNA
expression profiles in human lung cells [ J ]. Environmental
Health Perspectives, 2011, 119(4) ; 494-500.

Bollati V, Marinelli B, Apostoli

particulate matter modifies the expression of candidate microRNAs

P, et al. Exposure to metal-rich
in peripheral blood leukocytes [ J ]. Environmental Health
Perspectives, 2010, 118(6) : 763-768.

Peluso M, Bollati V, Munnia A, DNA methylation
differences in exposed workers and nearby residents of the Ma Ta
Rayong, Thailand [ J].
Journal of Epidemiology, 2013, 41(6) : 1753-1760. 4
Bollati V, Baccarelli A, Hou L F, Changes in DNA

methylation patterns in subjects exposed to, ]ow dose benzene[ﬂ

Cancer Research 2007 67(3) : 876-880.

et al.

Phut industrial estate, Intetnational

et al.

carcmogepeqls[]ﬂ Oncowene 2002, 21(45‘) 6823"-69
Pavanello $., Pesatorl A C, Dioni Ly
length in perlpheral blood lymphocytes of wo;k“e'rs exposedl to
1“0, 31

“et al. Shorter tefuql_g,ﬁé

pulycydlc aromatic hydrocarbons[ J]. Carunugenesls

g (2Dfp16-221 % “

in pehpheral blood DNA is associated with the development of

lung cancer [ J ].  Cancer Epidemiology, Biomarkers &
Prevemlon, 2001, 10(1) : 69-74.

Pavanello S, Bollati V, Pesatori A C, et al. Global and gene-
specific promoter methylation changes are related to anti-B[ a ]
PDE-DNA adduct levels and influence micronuclei levels in
polycyclic individuals [ J ].
International Journal of Cancer, 2009, 125(7) : 1692-1697.

Alegria-Torres J A, Barretta F, Batres-Esquivel L E,

aromatic hydrocarbon-exposed

et al.

Epigenetic markers of exposure to polycyclic aromatic

hydrocarbons in Mexican brickmakers; a pilot study [ J ].
Chemosphere, 2013, 91(4) . 475-480.
Hou L F, Zhang X, Tarantini L,

and DNA methylation in tumor suppressor genes:

et al. Ambient PM exposure
a cross-
sectional study[ J]. Particle and Fiber Toxicology, 2011, 8(1) :
25.

Fahrer J, Kaina B. 06—methylguanine—DNA methyltransferase in
the defense against N-nitroso compounds and colorectal cancer
[J]. Carcinogenesis, 2013, 34(11) . 2435-2442.

Palmisano W A, Divine K K, Saccomanno G, et al. Predicting
lung cancer by detecting aberrant promoter methylation in sputum
[J]. Cancer Research, 2000, 60(21) ; 5954-5958.

Esteller M, Hamilton S R, Burger P C, et al. Inactivation of the

W, et al. Hypnmethylaﬁnn of p33 -

[26]

[27]

(28]

[31]

[32]

[33]

[35]

[36]

[37]

[38]

[39]

[40]

DNA repair gene O°-methylguanine-DNA methyliransferase by
promoter hypermethylation is a common event in primary human
neoplasia[ J]. Cancer Research, 1999, 59(4) . 793-797.
Zischbauer-Miiller S, Fong K M, Virmani A K, et al. Aberrant
promoter methylation of multiple genes in non-small cell lung
cancers| J]. Cancer Research, 2001, 61(1) : 249-255.

Bujko M, Kowalewska M, Danska-Bidzinska A, et al. The

promoter methylation and expression of the O°-methylguanine-

DNA  methyliransferase gene in  uterine sarcoma and
carcinosarcoma[ J]. Oncology Letters, 2012, 4(3) ; 551-555.
Liu Y, Lan Q, Shen M, et al. Aberrant gene promoter

methylation in sputum from individuals exposed to smoky coal
Anticancer Research, 2008, 28 (4B) . 2061-

emissions| J ].

2066.
==, S%fﬁ%f PSR R TE MAGE 5 ps3 56 R AYHF
ORI, AR - WA - A8 2013, 25(2) : 152-154.

Olaussen K A, Soria J C, Park Y W, et al. Assessing abnormal
gene promoter methylation in paraffin-embedded sputum from
patients with NSCLC[ J]. European Journal of Cancer, 2005, 41
(14); 2112-2119.

Gure A O, Chua R, Williamson B, et al. Cancer- teshis genes are
coordinately-expressed and are markers of poor og_LQ(')fr.ne in non-
small cell lung cdncer[]]. Clinical Cancer Res‘é“argh'.; 2005, 11
(22) : 8055-8062. /
(;runwdld‘ C Koslowski M Arsiray T,

et jal. ”E'{pressipn of
I, F

multiple/ eplveneti'cally tegulated  cancer/germline _geﬁ;as:,::"!.in
nonbmall cell leing carxcer[] 1. international Journal of ._;Cancer,
2006, 118(10;, 2522- 2528 3
Ding R Jln ¥ Ty L)h X' N, et al. Charagteristics—of DNA

melhylah()né(chdnges induced 'by traffic-related air, P()Hutlon[.] ]

1

Mutation,#Resedrch/ Cenetic Toxicology and an1r0n_m§nlal
Mutakengdis, 2016, 796 ; 46-53. f
Cortessis V K, Thomas D C,.Levine A J, et al. Environmental

prospects for studying epigenetic mediation of

2012,

epigenetics :
exposure-response relationships [ J]. Human Genetics,
131(10) : 1565-1589.

Lovinsky-Desir S, Miller R L. Epigenetics, asthma, and allergic
diseases; a review of the latest advancements [ J ]. Current
Allergy and Asthma Reports, 2012, 12(3) ; 211-220.

Liu F, Killian J K, Yang M,
gene expression profiles in respiratory epithelia exposed to

2010, 29 (25) .

et al. Epigenomic alterations and
cigarette smoke condensate [ J ]. Oncogene,
3650-3664.

Ricceri F, Trevisan M, Fiano V,
methylation profiles in healthy people[ J]. PLoS One, 2014, 9
(9) : el06846.

Hou L F, Zhang X, Zheng Y N,

et al. Seasonality modifies

et al. Altered methylation in
tandem repeat element and elemental component levels in
inhalable air particles [ J ]. Environmental and Molecular
Mutagenesis, 2014, 55(3) : 256-265.

BRGE, W, 2, . GBS AER TR R
BRI R M ALEI R[], SR, 2013, 34(10) .
3741-3748.

Luo N N, Zhao W J, Yan X, et al. Study on influence of traffic
and meteorological factors on inhalable particle matters of different
size[ J]. Environmental Science, 2013, 34(10) ; 3741-3748.

Kelly F J, Fussell J C. Air pollution and airway disease[J].



TRl . S5 Y 252 00 DNA HUEAL Y0

3535

[42]

Clinical & Experimental Allergy, 2011, 41(8) : 1059-1071.
Sgrensen M, Daneshvar B, Hansen M, et al. Personal PM,
exposure and markers of oxidative stress in blood [ J ].
Environmental Health Perspectives, 2003, 111 (2 ). 161-
166.

Karmaus W, Ziyab A H, Everson T,

mechanisms and models in the origins of asthmal[]].

et al. Epigenetic

Current

[43]

[44]

Opinion in Allergy and Clinical Immunology, 2013, 13(1) ; 63-
69.

Fuso A. The  golden age’ of DNA methylation in
neurodegenerative diseases [ J ]. Clinical Chemistry and
Laboratory Medicine, 2013, 51(3) : 523-534.

Hatzimichael E, Crook T. Cancer epigenetics: new therapies and
new challenges[ J]. Journal of Drug Delivery, 2013 . 529312.

PEHHEA BT 5% (Top5% ) HYRITUIZRVE v [l SR L Bl B

(BRI E S 5 W EHK
“ ch[E 5 B E PR B /1 S A T B 2

2016 4F 11 A 22 B, AR R OLERR) B T2 854 (CNKD) SEHU KA 2016 H [ F B PRz i
FARWIT PSR, (HREEREE) 312016 iR A FEEr _
SISO )RR A B RPFE LR ESE 5 YGRILERZR. Pt LU TIHE PR 2 R g ?‘éﬁ:&ﬁﬁf? i

Wi F7 22 AR T

2 R I B R — A BB R PR R



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






