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Species of Iron in Size-resolved Particle Emitted from Xuanwei Coal Combustion

and Their Oxidative Potential
WANG Qiang-xiang', TAN Zheng-ying', ZHAO Hui', LI Ji-hua®, TIAN Lin-wei’, WANG Qing-yue®*, Shinich
Yonemochi’, LU Sen-lin'*

(1. School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China; 2. Yunnan Qujing Municipal
Center For Disease Control and Prevention, Qujing 555000, China; 3. School of Public Health, The University of Hong Kong, Hong
Kong, China; 4. Graduate School of Science and Engineering, Saitama University, Japan; 5. Center for Environmental Science in
Saitama, Japan)

Abstract: Many reports have claimed that high lung cancer mortality rate in Xuanwei is associated with the residential coal combustion.
Considering iron is the main chemical element in the particles emitted from Xuanwei coal combustion, and especially, reactive oxygen
species (ROS) could be generated by redox-active transition metals (TM) such as iron (Fe) in particles, therefore, raw coal samples
from 4 coal mines in Xuanwei were sampled, and size-resolved particles emitted from the raw coal samples were collected by using of
Andersen Five-stage High Volume Sampler. Species of iron in the raw coal sample, size-resolved particles and bottom ashes were
analyzed by BCR sequential extraction method ( community bureau of reference, BCR). The generation potential of +OH free radicals
from coal emission particles in the surrogate lung fluid ( SLF) solution was measured by using high pressure liquid chromatography
(HPLC). Our results demonstrated that a large fraction of oxidizable Fe could be found in raw coal samples. However, the acid
extractable, reducible and oxidizable fractions of Fe in the fly ash particles accounted for a large proportion (46% -78% ) in the size-
resolved particles after coal combustion. There was difference in levels of +-OH free radicals generated from coal emission particles in
the SLF for 24 hours among particles with different sizes. The concentration of +OH increased in both fine particles ( <1 pm, 1.1-2
pm, 2-3.3 wm) and coarse particles (3.3-7 wm, >7 pum) as the particles size decreased. Linear correlation could be found between
the oxidizable fractions of iron and the generation of +OH in particles emitted from coal combustion (R* =0.32).

Key words : lung cancer; indoor coal combustion; iron; BCR sequential extraction; - OH
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Table 1 Information of raw coal samples
A frE T/ m A £y 2 G5
BFK K TEAH 2050 26°19'33. 724" 104°06'59. 211" 3
JE Y K TEAH 1956 26°1821. 132" 104°08'14. 824" Bl B3
JEH K TEAH 1987 26°19'46. 551" 104°09'36. 435" Bl B2, B3
Lot J& BT 2117 25°4724. 621" 104°16'55. 494" Cl7, C18
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S LA B AT R T UE e A
. R T RESR AR TE MR R AR TS G B
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Fig. 1 Sketch of sampling system for flue gas
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1.3.1 BCR EZLHEH

BCR = $R Uk J& R ALAR AR UE JR) 7 Tessier 43
Mok f kit B3 AT 2t 2R S Fk
D71k H 35 AN T35 2 AL BRA R | SR ORG
B AN SS S EA 0T FopE Ao o B A
U, HENZ ke B AN iz 1 T 5 Ui
Yy AR ) 4R TS Y s 0 BCR R
HEBWMAAIL BT 4 Fl, ZFR 0T HEEUGES | T8 R
AL RS R R A o ORE R AT H U (K
WA IS SRR ER S A ) AEAER Fe LAY
VERILTOVE M A7 Tk kb, @ik i
(BRAEMDEEED) DI &5 6 18 ek & Ak
Y, e R A N R e 22 s T Ak (A LY
MBALYIZE A ) (Fe B LLLE A R IE A7
FETAE b, RO RE A AR Fe FE U Ok
@FRIE A R A H 4w 2 e v fe 2 2 AR
53, — M AFAE TR ) — L RE ™ h (s
UERERRER A HABAZ E W Y)) , X AR Fe T2k
WARALED W iR 2 .

BRSE LRI .

B4 100. 0 mL BN 2508, H 5% Fi i
FR P UE TSI 1.0 g JFJREEE 1.0 g BRIESR B
JRECELAR R 40. 0 mm SRAE AT HRIGERIURL 1) 1) £ S .

(1) FRAEHUS (I S TR IR ER S ) E&H
LA 40.0 mL CH,COOH (0. 11 mol-L™") %
#,25°C ,250 remin " IR B H#EZIRY 16 h )5, T
4000 remin "' (ELOHLENL 15 min, 705 FIEW, B
T 4CUKFEIRAT. TEERRMES TINA 20. 0 mL Z51H
JKIEP 15 min,4 000 r-min " &5.0> 15 min, 352 YE%
W RN — 2L S gl .

(2) RIS (ALY 1E E— IR R
s 40. 0 mL NH,OHHC1(0. 5 mol-L™") &K,
I HNO, (50. 0 mmol - L™" ) ¥ pH BT 2 1.5, 25°C,
250 remin ' # LR 7% 16 h,4000 remin~' & .0 15

min, 7B _EIH, BT 4CRAE BRI — 2
W7

Q) WAAS (AR EAES) #EL
— % B RE S TP A 10,0 mL H,0,, Fl HNO,
(0.05 mol-L™") ¥ pH =2.0, 3% T 5 EFIR T
BCE 1 h (BERERERE) J5, T 85°C HH K AR FF 1
h ATHF O o PRSI B AR L T 3.0 mL,
HLEAN 10. 0 mL H,0,, F 85C THE/KIFIAFF L h,
TIPS I EATH 1.0 mL, 245 A 50. 0 mL
CH,COONH, (1.0 mol-L™", pH =2.0) ¥ #, 250
remin " LR 16 h )5 ,4 000 remin ' B RN
R AL SR, BT 4°C IRAE.

(4) 54 16.0 mL HNO,, HCIO, , HF, %
5:2: UIRABRIE Y FEIH A IH A% 2 0

DL EER IO, 0,22 pum B8 Sk it B S R 7E
4°C VKA PR AE, ] ICP-AES ( LEEMAN A ], 25 )
I3HT.

1.3.2  JRIEEURI A = A - OHAG

HEA S 5 7E TG 4 A A K (surrogate lung
fluid, SLF) fffEf7, fit#l 100. 0 mL SLF f14% 114.0
mmol-L~" NaCl. 10.0 mmol-L~" B # fig £h (7.8
mmol - L. ™" Na, HPO, 1 2.2 mmol-L~" KH,PO,) ,pH
7.2 ~ 7. 40 JAPEARHEW A 10. 0 mmol - L™ 2R H
RN NaBA 1ER 2 J5 /00 - OH B fb A FREF. FESL 56
PEATHT, B AR T 22 Chelex- 100 119 38 75 4 &
PR BRI A e m . B R AT
4°C kA IHAE—DH Z WL

PERARAR B A g B FH B o I — >
40.0 mm (K&, ] 5% HNO, i=2¥kid (38R 57 7] 59 1
SR A Z R 5% HNO, 36 19 10.0 mL R Z
WRELAE . A 6.0 mL SLF, I A 29k ik
50.0 wmol - L ™" FYHTIRIMLAR Asc, 6 37°C TR 24
h. BRRSEEGEE . (OSLF (925 FXT IR QAR A 51 it
BT 2S T IR 1 g Fe® * AYBHM:XT IR,

-OH 7E A 525 1 1 10. 0 mmol - L~" 2 HI R 44
(NaBA ) VEAACZEHRET KT , PRA - OHAE RSO 4 £ X
Y 5 2R R AR S I AR R FR LR R (p-HBA ),
JE—Fh g9 HPLC &I 2| (A8 2 ¥ . HL 0.5 mL
WOk P HRE B, FH 0,22 pum 1938k 5 B8 S 5 RS E
HPLC HERERL T, LA 100. 0 pmol - L~ DSF #150. 0
pmol «L™" HSO,; £ 1k - OHAYA AR, 3G HCE 10 min
JE A 5.0 pL H,80, (1.0 mol-L™"), ¥ HPLC
(WATERS CHINA LIMITED, [ ) &, -OHHk
JEMPL T AA53]
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[+ OH] = [p-HBA]/(Y, 5\ X &py)

X, [ p-HBA ] R AR HE M A5 BN AR Y, 0
Ji BA 16 SLF H BB /R (0. 215 £0.018) 54,
Fon cOHFE M A Asc J& 5 BA W ]2 W 4 %X
(0.9972) 2.
1.4 SGEitks ik

K B A F 5 5 3 BR 2 L #R ( Tukey-
Kramer Multiple Comparisons Test ) i %5 £ 4 2 75 H
AR EEER KRB 2 KOF « =0.05. B4
S3HT AR SPSS 17. 0 B #E4T .
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2.1 JFHERJRIK Fe BRS04
JEBERER K T Fe AIMAAIE SAFAEZE 5. INIET 2
Bz, 4 AR Fe AIE 25 3 2 LART AL S FI TR

W AR
100

WHEEE O WEAE

WANE, “FHEHE Fe SR 80% ~95% , Hm]
S EHERTRES, 245 8 Fe TR 40%
~50% , Ut FH U i A7 R AR G 40 1 LA AR A 8K
PR Fe P)J5T, Z R T BRI DL, S v A= PRI .
JEE S IR AT BE S (4 Fe i SR L EE A/ 100
JEE R FKAR Y Fe &SR D

FE 4 A Hb DXCRERE SRR 58 IS 58 B IR K Y BCR
SRS Tl WL BRE S Fe 5 THRH
o, (54 Fe S0 72% ~87% , % HL ] b X JiL 4
B | B ] SR BCSHAN R AR S AR A K
AR A A AR T 5 LU PRI fE FLoT b EH
XK S8 RERE b L 53 R 26% | 32% |
51% | 30% , BB JEL IR rf ELAT A 0 80P 1 nT 4R
1EI Fe JEAR L B 5 5% 78 AN 5y 9 e W R T Y
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WYC YM GM YM ZICYM

YT YM

WYC DH GM DH ZIC DH YT DH

WYC 7R Lot , GM R0, ZIC FRB a8, YT 3R Y ; YM R 5, DH 7R R
B2 Eix, St MK, BENEE., KRB Fe WRERSS
Fig. 2 Fractions of Fe in coal and bottom ash from WYC, GM, ZJC, YT

2.2 RIERURIYI T Fe NS0T

M 3 AR = A RO RIURI ) Fe ) BCR 4%
PSS R E | TR — b X AR [RPR AR B KR H Fe 1Y
AP MEA B EENZES (P >0.05), Lot
ARSI RO R v $E IS Y Fe JT A7 B & 19 L
(AL g At 3 Al DX O iy FASRIRE AR B
JRH Fe ML SAEE B 22 5% (P <0.05) , [AI
FLICHRIDEEI I €K ol I8 A Y Fe JIF 7 615 &
(14 E B8] 22 R 1 X R o A ME I R R 7 AR Y RO

XTI 2 JEBERURR K R Fe BRRAFIEZS 04, ]
AR BRI U ) SR S Y Fe LU BHA G TR, 2L
fiby 3 FPIRAFIEAS EL B3 I, Horb 55 182 nT 2 UGS 1 Fe
AR EM 1% ~28% ,3X B3 Fe 1 5 i i 1T
U SUFNINEN [T G 2bS i iR U [ R G A O N s

A AEFE  ALIE SRS AT ALY Fe i B 5 = AOTR
KL (28% ~42% ), iXFB5T1H Fe HA RN
FALIR TR ), AR A S | ZER 38 23 Fenton
SR R il T e A SR i, ek AR i
AR, 33 A RS ik AN A 9 A 2 SR

2.3 ABERORIY) A - OHK P

AL AR M i 2k = - OH ™ A= 1y i, BR IR
SCUS KR A R % 1F B9 SLE ¥ WD B p-HBA
(99.9% ) bRl , s hil b th Ze (&1 4) .

XoF 4 A1l X SRR Bl 7 A 0 URE ) A E A4 i
W 24 h AR - OHRY S EAT T (&1 5) , 45
LI BRIGEOR P Ak A2 B (<1 um, 1.1 ~2 pm, 2
~3.3 wm)24 h 77 A - OH B f: Bl R A28 sk /0N 17 386 i
MR EE (3.3 ~7 wm, >7 pm)24 h 77/ -OHY
7t (A B Ay A A8 kN TG 3 . PML, ¢ B0 40 /)
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