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Abstract

Local arsenic poisoning has been caused by high arsenic coal burning in the southwest of Guizhou
province. In recent years, the research on the mechanism and health risk of endemic arsenic poisoning
has become a hot topic. In this paper, analysis of the particle size distribution of arsenic is simulated in
fly ash then the carcinogenic risk is calculated. High arsenic coal burned in diffusion furnace at the
temperature between 600°C and 1000°C, and the fly ash particle size was sample classified using An-
dersen sampler, which is divided into 8 classes (1.2~42.6 microns). The experimental results show that
the content of arsenic increases with the decrease of particle size. Especially when coal fly ash particle
size <10.7 pm, it showed more obvious change. The minimum value of arsenic content in the fly ash is
of 2280 pg/g, and a maximum of 5812ng/g. More than 60.27% of the total mass of fly ash showed par-
ticle size between 3.4~16.3 pm, and 61.3% of the total mass peak appears in the fifth class (5.4~107
pm), which accounts for 23.86%, is unimodal distribution. Health risk of fly ash was evaluated using
the method of EPA, and daily exposure amount in two kinds of exposure path ways is calculated (inha-
lation and dermal exposure) ADDinh = 2566.1 mg/(kg-d) and ADDdrem = 85.42 mg/(kg-d), which
showed a serious risk of cancer. The study in this paper provides a basis for quantitative description of
epidemiology of arsenic while the As exposure assessment to human health is rarely reported.
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FIRIEZES B H TR, REIE B H600°C~1000°C, AR K KR 2R B Andersen 4 2% SRR 52 it
1TRFE, L9 N8 (1.2~42.6 pm). ZIRF: KPS BRI/ K. THESRE T
Khife<10.7 pmbt, XFMBUFRARE. CRPMESEER/MEN2280 ng/g, BRMHEER5812 ug/g.
RiRFE3.4~16.3 pmZ FA KK R E S S KRR ENG60.27%, FHoAmiRE S WK TS RER
61.3%, W&fE HIESE A H(5.4~107 pm), N23.86%L4, RBERESHM. M KKPAsKSEMNAUS
EPAMITEE, THRMEEXKITEY, SRERW, AsEEEREMARAXFEMEERBIHANKNAHR
FE A NADDinn = 2566.1 mg/ (kg-d)FIADDgrem = 85.42 mg/ (kg-d), FEA4E=E IR XS . BRI
KR KAsRE T AR RSN A H0E, SRS AR & B RRAT R R ALK .
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M PRI % S e AT R ME R BRI AR 1] [2]. TR N3 TR
Y, 5 M 4 B V0 E ORI o e 2B AN T o LR S A~ 2 KT T ELz v T 5 B CAR SR i T A
TR, 2 3 E G ol 2 Oy SRR, — MR Af /N T 100 mg/g, 4 5K T 100 mg/g A i .
BERIR P B e NAER R 85 SCHR[1] [2] [3] [4] [SHRIE, BUOAIRRE KT 100 me/g KL, fifirh 2
KHEFEAAE 200 73N R, ERESME KRR XT. Sl PR, S
TR 10 [X 7 R AR 2 R

M7 PR A o B — R A P R AL A R, B BAE T 1992 A B A D AR I T (6]
PR 2 DB PO R X, 2 T E A 80 X fe ™ A X 22—, SR FEUESE, A — b B R A
e (7], MRYE e B N ET OR8], SHNERTEmEM T 1976 £RIEZ “BrH” ., £
FOEPON IR AL R R F VUL, R AEREIR, BOmARAR . A . DR, RS, 4
TE R IUARE R . SR M K B 5 PRI S5 5 e B A vy o L0000 i DA LA P = it R =
& BN T 100 mg/g Hm BRI T-HUE TOK . BAE e,  DLREHESRIRM A DA X, HAfEMH&E
(GSIEPIE )R TE
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Figure 1. Heat and bake with open range

1. IR kAL BR AR K ki R4

AR, T R R BRI 2 KB,  EERR AR T RA0RL, 2T /R 3C
3 BB BV LR AR LUK  EAE IR AR by, RRTORE IR BRMAIGEINT , A 3R TR 2™ A R B/ NRORE 91«
BRI As A =MEANNRRITTE 20008 F - HEN BORRFERIFION,  WRCR GBI 75 Zy il i #kbe
FAIFRGENNAR[10]. XEERFRIEBEN, HRMHAS . P R IEHORGORIRLG BB, AL
R AL E PR PRI " CARIURRLAR A1 S AR R DA, AL R S K RAT R AR 5%
2. PRSI
2.1. L5 R

PR (B A S IR U AFS-230E, XOGIEJR ¥ 5O AL as A w]); DZKW
H TR IR BRI RITAAR) ) Andrsen 43 K A¥#8(United States Environmental Protection Agency);
WG A (g R ARG A BR A W) B11-1 1EIR AL 5028 R TH ORISR EARA PR A A])); il I (KBV408);
HERIBRHEY) T (GBWOS401,  F R ABEA AL R FU s BRRHETE,  (EIZbRAEIRE 7o R0 Wil i
RIS, AR S ss . DA EsGRSoIRgat, T Bl A IR A A . SER /K% B 7K.
2.2. SERRE

R RERE AR B S MBS PU R I B ALK 2, B B SUREEHREIER, JFER ATk
G, BSIEIIT, BT B RFRAEBUER E SRR b, FIORHRSR I, ke dtiEd 100 HJE
TeMbi, oIRGB BT . BB W 1.

Table 1. The experiment USES coal industry and element analysis w%

=1 ZHAKENTW. TESH w%

Tk e TR AT
7K 4> 5.000 K4y 16.870

[i5] 72 ik 34.087 T 67.274

ER 5T 49.043 £ 4.478

K5y 16.870 % 1.239

4.0.030

i 4.185

. 5.924
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2.3. BRIRSL 757K

IR EE

BRESA B2 R 56 75 5 A L O B p R AT, TEE XN 600 mm, AT E SR, B WE 2. KsE
36 RN BERE I (2), FFEa IR (9), BAGE TERE ()G, #1525 3R (2)
BRI N A D B B R, YT EO TRl S A 1) E AR . 4T 8 X Andersen 414
REESE, REMRME IR, KBURLTURTE A S8 o RS 10 Bl S0 808 o i &= 1 (8) A T # i, itk
EFEARYE Andersen 73 Z4 R AE 45 0048 FH Ui B B i 3 ) B R AT I B . ARIR S RN
0.048 L/s. REFIMZH KR ER L, UFRIE KT As 08T, LRI ERTHIK, KT
FEMMS ERCF MG .. REDK CKFES W 3. & 4. Andersen 73 2% % HE 28 10 50 KK R ~F i)
YRR RN 2.

T
|—Z R, 2—— R 3—— R BREES 4——FE0ps s——ilfsk
#H: 6——Andersen ZFCRFER: T—KIBAHEE, &——WEI: I—AE
Figure 2. Combustion and sampling procedures

B 2. PR S RAERIZE

Table 2. The comparison table of the series and fly ash size of the Andersen graded sampler

%% 2. Andersen TR EAERRHIREN KRR ~THIXTIRER

T 1 2 3 4 5 6 7 F
LA (um) >35.1 35.1~24.1 24.1~16.3 16.3~10.7 10.7~5.4 5.4~3.4 34~25 <25

Figure 3. Samples of the fly ash classification after
sampling
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Figure 4. The topography of the fly ash after
sampling

Bl 4. REEECREIFRE

2.4. BEIRPHSENNE

PRER— 52 B (OB i PR PR AT s B s AL, IR T /KE A & 50 mL A&, B R A
THRICCE BN ER &R FINAERRRAZE F . HEFRAEYI T (GBWO0840 1)ZEAT 70 AT i S 4 o

KIREE SR

FE PR E TN Andersen SRAF 5 R %% R AR S EWCER AR RO Tl 7 R-FRRE S, (IR R
TR CKTE), BT 50ml LLEEF, TN S ml RHAKREER, 055 3 r/KE i 1.5 /b
BFOIMFASHRIPRS LK), BUHAEE, B RS, Etheds BB —/NR3F, B iE4URAENE - A 45 ml
EEFKMGE, R EEREBERR S0ml, $25, FEPiE, HiERAH R 7R B A E A &
[F AR ARG 2 B 2 A PATIE BB CIR A3 7 AR HEPD L (GBWO8401, [ B 2% B PRI AL 4 B 7T
Fr, WEEA 11.4+0.6 pg/g), BRIEE 0.5 g, AT Mo 4%

2.5. ERRIES As BRI IR

SRR R As REER

fifirh B2 @ an N7 AN NAR, AT RN R R AN, X R ER IR NN, A
KA iy e 25 90 JRURS: o A SCF F il Ik R Sk A A R IR N R o 3 B i AR B0 (O I H Y B iR B A
[11]1[12][13][14]. R

c*InhR *EF*ED

ADD, =—————— (M
PEF*BW *AT
c*SA*CF*SL* ABS*EF*ED
ADD,, = BW AT 2

X H, ADDjpn ADDyem 2 HIATEN . WNFG IR EAL IS 10 E 48 HIRER, mgkgd) s ¢ A EK
 As &8, mgkg'; InhR NMEHZE, med'; CF NM# R4, kgmg': EF NREEMZE, ED N
FRAEPR, a; BW NFIAE, kg AT NESEEVHRERE, d; PEF AKLHMEAET, mkg's SA
NRFE R RER, cm®s SLOANRIKEEE, mg(cm™d) s ABS AR RRILE T, TEY.

Z IR E 7 R B DR S [ 12]-[17] (DB11/T 656-2009) LA K [ P 4N 1 7 58, 2(D)~Q)H 12
BEELI R : CF N 1x10° kg'mg s EF 490 d-a'; ED LA—4ENit; BW N 53.1 kg; AT AP REN
(], AR D N 24 8 it DX 2 4 DR 9 A 0% OB PR IR [T A 12 h/d, #5 KK 3 AN H 90 de AT =90 d %
12 h/d = 1080 h, 1080 h/(24 h/d) =45 d; InhR 24 15 m>d™'; PEF Jy 1.36 x 10° m* kg s SA N 4350 cn’;
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SL 5 0.2 mg-(cm*d)'; ABS 4 0.001.
3. BER5VHE
3.1. R RPHEE

BRERZE I 14 2 BREE IS I KA & 2. B4 WRITE A 7 8 B (B2 ORI & AR T )
R B 1 T 0 ) LA B % KR R R O R T B (RS KK R R o AR R R 1
KRR S R S ) E S R BT 3. 4 R0 5 b ONEWL. TEOMIIES R, 4hl R
TR AR IR TR & s DA R SR T R S s = AN TR R (L 5 6 FTEL 7 Fiors)

Table 3. Arsenic content test results/pg/g
3. WAL R/ ng/e

BT 1 2 3 4 5 6 7 F
600 2280 2499 2766 2711 3514 4012 4002 4014
700 2482 2501 2643 2936 3035 3480 3800 3965
800 2843 3007 2771 2758 3387 3694 4795 5022
900 2510 2629 2943 2793 3094 3385 4622 5386
1000 2750 2400 2691 2574 3399 4831 5489 5812
FI 2573 2607 2763 2754 3286 3880 4542 4840

W1, 2,3, 4,5 6,7, FN1, 2,3, 4,5, 6, 7, 8. LLTFZRWMA.
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Figure 5. Arsenic content in fly ash at all levels of raw coal
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Table 4. Test results of the percentage of fly ash mass test /%
T4 YRREBRSSERXELER/%

mEg °c 1 2 3 4 5 6 7 F
600 7.45 8.25 9.96 26.11 25.79 14.03 5.47 2.77
700 6.48 7.95 8.33 21.41 22.99 19.79 8.98 5.29
800 10.36 11.62 15.79 24.99 18.90 11.64 432 1.76
900 13.52 11.48 9.31 16.24 22.66 16.41 6.17 3.84
1000 7.99 9.37 10.29 22.87 24.28 13.27 6.88 4.05
B2 9.16 9.73 10.74 22.32 22.92 15.03 6.36 3.54
30
. 25
S~
T~ °
]IEH =—4—=600" C
4;:[ 20
==700" C
Ay
-~
U 15 =—=—800° C
] —<-900° C
\:_-Eﬁ 10 ®
'F;i ==1000" C
¥ —o— ]
0
1 2 3 4 5 6
Figure 6. Percentage of fly ash mass at all levels of raw coal
6. RRERRREENOE
Table 5. Test results per cent of arsenic
=5 WESSERBER %
mE °c 1 2 3 4 5 6 7 F
600 5.02 6.57 8.49 22.68 29.63 17.31 6.81 3.77
700 5.26 6.35 7.25 20.39 22.51 22.09 10.04 6.51
800 9.37 11.02 14.05 21.61 21.09 13.62 6.77 3.13
900 10.72 9.88 9.05 15.09 22.07 18.39 9.03 6.44
1000 6.58 6.82 8.59 17.34 23.99 18.97 10.77 6.92
RS 7.39 8.13 9.49 19.42 23.86 18.08 8.68 5.35
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Figure 7. The content of arsenic in fly ash at all levels of raw coal

7. RESRYRPHHRERSSE

1) %3 KB5S AR H: RAREADN, CARP S RGO 2 KRAE£>10.7 um (7T 4 20, i
KRR A R AR A R (L B/ ME R 600°C-1 1 2280 pg/g, i K{E N 700°C-2 1 2936 ng/g), 14
FERIKRAE <107 um (J5 4 ZOI, SRR 7 & 192240 0 EE IR 2 (H R dse/ME R 700°C-5 1Y 3035
ug/g, FARAEN 1000°C-F ) 5812 pg/g). 600°C~1000°CHE [l A, I EEXF>3.4 um 1 KK (AT 6 ))&
B AR, HAE<3.4 pm 1) O & BRI T E R IR BT S, Ul B ER A ) T N
FLgE e, XSRS K b B SR & SR 4 e 18] — 8.

2) M4 J & 6 v LAE Y RAR AR 8 2 b KK 0 5T B s e b A o 5 SRS AT, BN 25.79%
600°C~1000°C ¥t Bl 1, LB sz AN BH B o ANENREE 6 T, R BEIR e 7= AR 1 RO R R B R e
3.4~16.3 pm 2 Ja], BEI%5 4. 5. 6 2, HEEN 6027%4A A, HEHEAF 40%. X =M CKKIEH
TRPIHMER>15%, MHESLNE D& EFEA<12%.

3) W& 5 KB 7 TR H: WSROI R ERE, hE 2 EEERAAN 3.4~16.3 pum [FHR
b, BIZE 4L 5. 64k, HEEM 61.36%A 4, HEAHEAE 40%. X =M KT HIREH &8
BUE#>17%, MHEEHE 7S E P HMEE<10%. SRS, WEEHN 29.63%.

4) BEALE 10 pm BLEFa] LAk, AbATTEE B ik 1 2 Sl AR PR N ok M EA/N T 1 pm 22
POERK A I 525 S 2 A ik LAY CRE T [19]. HaT A A 4518 ——Meij (1992 4E)ZE 2015 il ufi
TR & AR, G i A T UK (>90%), &8 IS A/ A TS T (<5%), FTLL, $AFH s
WG, BRI il E SRR KK b, I B ARERAEN 3.4~16.3 pum TR F, HA>10 pm AIF0RL
ATLMRERIDIRE TR, AF 1210 pm Z [FIFFREHRE =[P 2 5, A Taes e Bk i &
ARl BERSEER, RATK, DURFHEEERm.

3.2. SRR As RERBER BN

_ c*InhR *EF*ED

= 1
M PEF*BW * AT M
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c*SA*CF*SL*ABS*EF*ED
ADDdrem = BW*AT (2)

—MEIME , KR 10~30 pm ARBURLZE R HR 73 DURRAE S, 5~10 pm IRRURL o) E N SUE R SCRE, R
/NT 5 um BIRURLA B EN BRI OE AR T E, JCH/NT 2.5 um 00K, RiAR/N, ATHEAN
PRI RPN TE , PUARCE M, 2 2 Mgt N o AR ™ B e [21]. ARAE 2 4 R Ok &
IR MEAIR, S5 G i BB AN I 2 B i B B A 50, IR R CRLAR KT 35.1~24.1 pm)
FIFEIME 2607 pg/g FIES LR /N T 3.4~2.5 um) ) F3MH 4542 pg/g fF N RKPEE B8R ITH.
e AR S P 3 X - 383 4K 1100 m, J& s AR AR BT, o J5 T s S I AUk, AR T &P 1191 mm,
RAEYEE R TR B, WHIAAE 2 BAD B S MGIRAK TS, RMEE AT, 2R KT
AT, BUEEMMRREEE: 1o, SO R S 158, HARFEEUE N A B 90 d (18],

R EE(D Q2), 456 E 4 rhapd SEalie g SR EdE, T DLTE 5 Aa B PR Al RN 7
R ASUEES BN H Y RER. K, PET NHE T, B TR, {5 SRR B aE,
KRR R B, WUMEA S SR

WHERMH, ADD,, =2566.1 mg/(kg-d); ADD,,, =85.42 mg/(kg-d) -

BUOPEESE NAHE TG 15 4510 [22]: 18I PR & ik FER R 2 < LA 2 B & i 2% (1 e v oy
T 2 (1 gt

fif e —FEEVERCR IO BT, BREOEALYD, =L T RIUA TR AR R AT AN BUE Bt .
FIEA 10~50 mg, BUKE 1.0 mg BIATHEE, 20 mg ATE8E. fEIEFIEOL T, BRARRIGAITLEEH 100
ug 7, AR A R B K2 100 pge (H SN & H 100 pg B8 H LRSI, 6f A Al 25 7= 28
HEF[23]. A] WLAE i R R B, 38 ik IR N R R kg ) ] ¥ B R R Az v T N AR AT R 2 S
BRI, 2y SR 5 f b g PR A 8
4. INGE

AR TR TS R BRI R S B o i R OB R B, RERTRLAR 30 pum AR P A
IR A H ) B EE R, KRS/ T 3.4~2.5 um AR RS BTN H S R, i E R
IR T R VIS R UL . PRIt FRATTN %38 G T RAG ] it s SRR 77 a0, PR
WAL RS Y. RBOT R EALAE, SCEMIEAE T2, A mii A R iR M B, S
Bl PR AR S G 5 RS PR 3t 05 PR R 2 (3R T

EHEWmHE

E & ARE#H 4 (2166070108) .

SE MK

[1] 224, ale, S/he. = N RRH m s Sl S st 7 PR B3 [0]. P E R D7 4 2% 35, 1994, 13(4): 245-247.
2] %4, P, vRl0E, & o7 YRR EERIE IR (0], BNERZ, 1993, 17(6): 371-372.

[3] FBFil, WILP, A, % StHlEmEEprsuh s et B[], SR BHR T, 1994, 198 T): 41.
[4] AR, 5. mbhes sl i 2R A ] hEmRBIE A, 1993, 27(3): 147-150.

[5] JiEH, X, KA, & —aRESO e b 2R A D] PEAIL A, 1994, 10(1): 41.

[6] THkie, 5. BSVURE s R EE I AP T [I]. R ERE(D ), 1999, 29(5): 421-425

[7] MHATBALL(WTO). BEFREE TAMRME(PSCR) [S]. dbat: NRTEA AL, 1985: 118-141.

DOI: 10.12677/aep.2018.86060 490 SR AT T


https://doi.org/10.12677/aep.2018.86060

T
=
&

(8]
(9]
[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]
[19]

[21]
[22]
[23]

RAizth, B, 28, % SN SRRIGA SR B R LR T[], S E R TR AR &, 2007(6), 679-681.
MRZE, Y8750, Tama. FE TS G 28 i i dl L ya XS 3R 0], A B SR A 3, 2003, 22(2): 26-27.

Mg, D, 24, 2 ETAMNERNX L E SR @ FE RSN I, BERY, 2014, 353):
1068-1074.

US EPA (1989) Risk Assessment Guidance for Superfund, vol. I: Human Health Evaluation Manual. Office of Emer-
gency and Remedial Response. http://www.docin.com/p-549363036.html

W, X, FE, L BRI E A R TS R g BRI [T].  E IR, 2009, 29(5): 548-554.
BE, CF, R, % TS FEE )R 55 35 E 4 8 R XSG DL B N I - BRI ).
IRIERIFT T, 2009, 22(2): 241-247.

WEZUE, B, TkEoRk, %5 RBCA Ml CLEA #H R/ 5 8 4 R 15 YeIz IR 858 KRS LRAN A 0 B FH B [0, 3Rt
SERFFT, 2009, 22(2): 241-247.

Ferreira, B.L. and De Miguel, E. (2005) Geochemistry and Risk Assessment of Street Dust in Luanda, Angola: A
Tropical Urban Environment. Atmospheric Environment, 39, 4501-4512.
https://doi.org/10.1016/j.atmosenv.2005.03.026

Lim, H.S., Lee, J.S., Chou, H.T., et al. (2008) Heavy Metal Contamination and Health Risk Assessment in the Vicinity
of the Abandoned Songcheon Au-Ag Mine in Korea. Journal of Geochemical Exploration, 96, 223-230.
https://doi.org/10.1016/j.gexplo.2007.04.008

PR, T, LATE, S T GIS MEIR 3 &R i B KT —— AW T4 2R Ao fil[]. s,
2008, 39(3): 634-639.
BIEEE, AR, TS B RN BB R ). T ER A EOR, 2001, 7(2): 38-40.

Malykh, N.V. and Pertsikov, I.Z. (1990) Study of the Partitioning of Trace Elements during Pulverized Coal Combus-
tion. Khimiya Tverdogo Tela, 24, 50.

Rizeq, R.G., Hansell, D.W. and Seeker, W.R. (1994) Predictions of Metal Emissions and Partitioning in Coal-Fired
Combustion Systems. Fuel Processing Technology, 39, 219-236. https://doi.org/10.1016/0378-3820(94)90181-3

T2, & FE T IRX SVA R AR ] VLR ERH, 2002, 15(3): 4-5.
FOPIME, 25 PR RS R M A R B R A [0]. B8 PH S 2 B 23R, 1997, 22(1): 23-25.
BN, MRl RS ] BRI RS, 1995, 23(3): 57, 67, 80.

Hans iXlth

HIPH R BT s

1. FTHF%0M T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THIFIRHEESE: [ISSN], HAWITI ISSN: 2164-5485, RIA] A )
2. FTHEIME T http://cnki.net/
Ao« EBRSCERA R HEN, A SCERRRE, BIRE

hmiE S http:/www.hanspub.org/Submission.aspx

HATIMEFE: aep@hanspub.org

DOI: 10.12677/aep.2018.86060 491 SR AT T


https://doi.org/10.12677/aep.2018.86060
http://www.docin.com/p-549363036.html
https://doi.org/10.1016/j.atmosenv.2005.03.026
https://doi.org/10.1016/j.gexplo.2007.04.008
https://doi.org/10.1016/0378-3820(94)90181-3
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:aep@hanspub.org

	The Distribution of Arsenic Particle Size Distribution and Health Risk Assessment of High Arsenic Coal Combustion Fly Ash
	Abstract
	Keywords
	高砷燃煤燃烧飞灰中砷粒径分布及健康风险评价
	摘  要
	关键词
	1. 前言
	2. 材料与方法
	2.1. 仪器与试剂
	2.2. 实验用煤
	2.3. 燃煤实验方法
	飞灰样品采集

	2.4. 煤及飞灰中砷含量的测定
	飞灰样品消化

	2.5. 高砷燃煤中As健康风险评价模型
	高砷燃煤飞灰中As暴露模型


	3. 结果与讨论
	3.1. 燃煤飞灰中砷含量
	3.2. 高砷燃煤中As暴露模型健康风险评价

	4. 小结
	基金项目
	参考文献

