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Distribution of Hazardous Heavy Metal in TSP, PM10 and PM2.5
Emitted from Coal-fired Power Plants
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In this study, the distributions of hazardous heavy metals (HHMs) in TSP, PM10, PM2.5 were investigated.
In the coal used in the tested plant, that Zn and Cu were most common HHMs, and Cd was rarest. In TSPs
from the SCR inlet, FGD inlet and stack, the content of Zn in the coal was the highest, but the distributions
of other HHMs were different. At the SCR inlet, the distributions of HHMs in PM10 and TSP differed, and
concentration of HHMs in PM10 and TSP was increased. At the FGD inlet and stack the HHM distributions
in PM10 and TSP were the same. At the SCR inlet, the HHM distribution in PM2.5 differed from those in TSP
and PM10. At the SCR inlet, the HHM concentration was higher in PM2.5 than in TSP and PM10. At the FGD
inlet and stack the distribution of HHMs in PM2.5 was very different from those in TSP and PM10 at FGD.

Key words: TSP, PM10, PM2.5, Hazardous heavy metals, Coal-fired power plant
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Fig. 1. Diagram of process and sampling points of the tested plant.
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oL Fo]o] A (Whatman No. 4D)ZE 7o 50
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Table 1. Decomposition condition of microwave sample preparation device

Max Power Power Time Max Pressure Temp. Hold
(W) (%) (min.) (psi) °C) (min)
800W 100 50 200 180 10
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Table 2. Results of QA/QC for hazardous heavy metals
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3.1. 2} &% TSP PM10, PM2.5 55
Table 3& 4 rk~e] TSP PM10 2 PM25

o FEE Uehia gk

TSPe] s%+ SCR Aot

5220.4-10121.8 (7885.8) mg/Sm®, FGD A& 13.5-

181 (15.8) mgSm®, =&

11.0-17.0 (14.1) mgSm*e.

2 Yehgdth PM109] F%=E SCR A 1974.4-4037.2
(2671.6) mg/Sm®, FGD A& 10.6-14.3 (11.8) mg/
Sm® 2 ZE 96-11.2 (105) mgSm’SZ JEPT).
PM25 5% SCR H¢t 2065-244.0 (221.2) mg/Sm®,
FGD A+ 8843 (6.8) mgSm® 2@ 25 4.0-70 (5.9)
mgSm*2 2 vERgth 7 947 W 33 4%, 7t
FeAdae] FFAXKRSD)= SCR Awt TSPE 31.4%,
PM10<& 44.3%, 258 9.0%Z L}E‘rk}:ﬂ FGD At

TSP= 14.6%, PM102 18.

TSP= 21.3%, PM10<2 33.

1%, PM25= 33.7%, ==
7%, PM25= 283%S U+

Items Cd Cr Cu Ni Pb Zn
IDL (ug) 0.001 0.363 0.105 0.349 0.024 0.307
MDL (ug/L) 0.028 7.261 2.091 6.971 0.487 6.147
Accuracy (%) 89.3 80.5 88.8 83.5 88.1 87.2
Precision (%) 4.1 32 2.6 12.7 6.7 16.9

Table 3. Concentration of TSP, PM10 and PM2.5 in flue gas of the tested plant (Unit: mg/Sm®)

Item Sample No. SCR Inlet FGD Inlet Stack
1 2,610.2 13.5(99.5%)* 5.5(99.8%)
TSP 2 5,060.9 18.1(99.6%) 8.5(99.8%)
3 4,157.7 15.9(99.6%) 8.2(99.8%)
Avg. 3,942.9 15.8(99.6%) 7.4(99.8%)
1 1,001.5 10.6(98.9%) 4.8(99.5%)
oM 2 2,018.6 14.3(99.3%) 7.6(99.6%)
1o 3 987.2 10.6(98.9%) 6.4(99.4%)
Avg. 1,335.8 11.8(99.1%) 6.3(99.5%)
1 106.3 4.3(96.0%) 2.0(98.1%)
oM 2 122.0 8.8(92.8%) 3.5(97.1%)
25 3 103.4 3.4(98.7%) 3.496.7%)
Avg. 110.6 5.5(95.0%) 3.0(97.3%)

*Removal efficiency based on the concentration SCR inlet.
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Fig. 2. Proportion of TSP, PM10, PM2.5 in each process.

EPATE. TSP PM10 2 PM259] RSDe AWy &3
o] 7} Il A AMFHAIH ] FUslxE vl titsHAl

HEHAL S & 5 AT

3.2. £ MElo| ZF& 55

TSE PM10 ¥ PM25°] f3ll Fa542] 58 A
a17] fl8led, 2 AT didAl oA ARSE Mg F 73
FTEES Btk A e8] A= TSE PMIO,
PM2.5 AlE AF 717k A £9 A Mgk 19 3
34 37 AF sl 1Y AFHE AEE s sht
o] BANFEZ ARSIt S AekslEubd Al delA
ARGEE AEre] FRe ule- ek, Fash wdw
o we} AesS Ejtsle] AMtaL ok ofuf &3k
7} Aere] W] wpe} EtEch 3t 7F Algh
A4 Brbsstal v E3RE th27] w4
7] 98 FujdE Heke A5 2 SISt} Table 2= 2+
Aeke] S FEE UERNL Sith & Atoxe] A
BASEEL Zn> Cu> Ni> Cr> Pb> Cdeo= )
AlE BT Fde AR JeR L Stk 53] Znd
Cu® o] the FFEE s =4 ey, Cd
7} 71 A el

BN

Ho

1% rloi‘ fif
19 rlo o

FGD Inlet

=TSP
=PM10
*PM2.5

Stack

3.3. Zt MY TSP E25% s

SCR A¢te] TSP= Zn(1036.31avg. mg/Sm®)o] 71
=4 JeRty, o2 Cu(8.80avg. mg/Sm®), Ni
(497avg. mg/Sm®), Cr(4.82avg. mg/Sm®), Pb(3.45avg.
mg/Sm®), Cd(0.0lavg. mgSm)ao & vehtth. SCR
Aol TSP T TX4FE AH-E Aee] 5%
¥R FARIYE FGD Adt 2 25 TSPE Zn
(757.84avg. 2 192.95avg. mg/Sm’] 7P =7 Uet
W7, theo 2= Ni278avg. 2 126avg. mgSm®), Cr
(1.09avg. 2 0.87avg. mg/Sm®), Cu(0.90avg. % 0.23
avg. mg/Sm®), Pb(0.66avg. = 0.10avg. mg/Sm®), Cd
(0.00avg. 2 0.00avg. mg/Sm®) == YeRtth. SCR
ek, FGD et 2 ZF&o] TSPo|M & Aetofxe] &
ol #9A Zno| BT 7P A el oy, e F
=49 FEAFE AolshAl YElsth

3.4. 2t ¥4 PM102| E35 55

SCR A%+ PM10S Zn(1926.56avg. mg/Smie] 713
=A ey, oo 2= Cu(1042avg. mg/Sm®), Pb
(7.23avg. mglSm®), Cr(6.29avg. mg/Sm>), Ni(5.37avg.
mg/Sm®) Cd(0.03avg. mg/Sm®) o2 vkEptth SCR

Table 4. Concentration of the hazardous heavy metals in the coal used during the sampling of the tested plant (Unit: mg/

kg)
Item Sample No. Pb Cd Cu Ni Cr Zn
1 2.40 0.04 15.17 3.33 4.65 27.40
(Fuelc?;*é ding 3.78 0.00 14.63 434 5.73 52.11
entrance) 3 3.41 0.00 21.07 8.16 8.26 57.63
Avg. 3.20 0.01 16.96 5.28 6.21 45.71




AekslEabzialdolM wiEE= TSE PM10, PM2.59] f38l5a4 X

At PM102] 534 BE¥ 73S SCR A TSPe] =
75 22AEE UE2EA e, vEE ST
RAo=z Yyt FGD Aws ZE PMI10S Zn

(1097 20avg, = 24385avg. mgSme] 7P =7 e

3, o2& Ni(333avg. 2 1.62avg. mg/Sm®) %
Cr(2 6davg. @ 0.87avg. mg/Sm®), Cu(0.57avg. 2 0.21
avg. mg/Sm) Pb(0.44avg. 2 0.13avg. mg/SmS) Cd
0.00avg. 2 0.00avg. mg/Sm®) <= YEPgTh FGD
e 2 =% PM108] F5% #¥7432 FGD A&
2 Z5 TSP F54 Ex743dy) Usl yelkd.
I3y FGD et PM102] Ni, Cr, Zne] 5== FGD
AT TSP Ni, Cr, Zn®] sEET ¢ Z7}si5oH,
=5 PMI102] Ph, Ni ¥ Zn®] v+ Z5%5 TSPe|
Pb, Ni ¥ Zn®] Fx=XHT} S7181%
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3.5. 7_||- _QLngud PM25—-| K:I.J_l\ h:l:

SCR At PM25% Zn(23052.66avg. mg/Sm®)°] 7}
=4 Ve, ‘:}‘—_EL Cr(35.33avg. mg/Sm?),
Pb(21.77avg. mg/Sm?), Ni(15.15avg. mg/Sm?), Cu
(12.81avg. mg/Sm®), Cd(1.47avg. mg/Sm®) &0 & 1}

ehdth SCR A%k PM25¢] %34 R¥AFLS SCR
Aol TSP 2 PMI109] F34 £x73e} olap
urERsTh SCR e PM25¢] $54 == SCR A

o TSP ¥ PMlO—J T4 TR —7]'3}@"4’ FGD
Ak 2 ZFE PM25E Zn(2199.20avg. ¥ 565.61avg.
mg/Sm*)°] 7} = e, T2 2= Cr(3.8%vg.
2 056avg. mgSm’®), Ni290avg. 2 0.25avg. mg/SmS)
Pb(0.37avg. 2 0.19avg. mgSm®), Cu(0.30avg. 2 0.10
avg. mg/Sm®), Cd(0.00avg. Z 0.00avg. mg/SmS)

2 Uepdth FGD Atk 2 25 PM259] T35 %i

QLA

Table 5. Concentration of the hazardous heavy metals in TSP emitted from each process of the tested plant (Unit: mg/

Sm?)
Process sample No. Pb Cd Cu Ni Cr Zn

1 2.83 0.03 10.88 6.07 217 866.40
. 2 492 0.00 9.69 5.30 6.31 1325.05
SCR inlet Tsp 3 2.57 0.00 5.82 3.54 5.98 917.48
Avg. 345 0.01 8.80 497 482 1036.31
1 037 0.00 0.76 142 0.91 562.28
. 2 1.34 0.00 0.84 0.65 0.72 74357
FGD inlet TSP 3 0.25 0.00 1.10 6.26 1.64 967.65
Avg. 0.66 0.00 0.90 2.78 1.09 757.84
1 0.11 0.00 0.38 0.19 0.22 213.98
2 0.17 0.01 0.18 3.36 432 132.36
Stack TSP 3 0.03 0.00 0.12 0.22 0.17 232.51
Avg. 0.10 0.00 0.23 126 0.87 192.95

Table 6. Concentration of the hazadous heavy metals in PM10 emitted from each process of the tested plant (Unit: mg/

Sm®)
Process sample No. Pb Cd Cu Ni Cr Zn

1 748 0.10 1535 6.78 128 1208.79
. 2 10.40 0.00 11.01 5.37 10.06 281358
SCR inlet PMyg 3 3.82 0.00 4.90 3.97 453 1757.32
Avg. 7.23 0.03 10.42 5.37 6.29 1926.56
1 0.43 0.00 0.79 8.82 6.49 1306.74
A 2 0.27 0.00 0.41 036 0.77 949.64
FGD inlet PMio 3 0.63 0.00 0.51 0.80 0.67 1035.21
Avg. 0.4 0.00 0.57 3.33 2.64 1097.20
1 0.16 0.00 041 0.19 0.36 212.89
2 0.04 0.00 0.17 443 1.83 161.37

K PM
Stac 10 3 0.20 0.00 0.06 0.23 0.43 357.30
Avg. 0.13 0.00 0.21 1.62 0.87 243.85
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3.6. 2} TXY TSP PM10, PM2.52] 534 £%

Fig. 3 7} 349)4¢] TSP PM10, PM25¢] &
& Byn|eS Yep k. Phbe] HxH1E&2 SCR A
o] TSP= 9F 11%, PM10S oF 22%, PM2.5= F
67%= SCR AttelA= PM259] Pb H]Fo| %A e}
wth FGD Awre] TSPE= oF 45%, PM10 °F 10%,
PM25%= ©F 25%= TSPeA] Pb HIFo] =A] YERsiT.

- FES - ool

- ol

45%2 PM2.5°14 Pb H]50] =4 YElT] Phe o
27¥s F JAPFEZ o] ESPS ALbEA PM2.50A 2]
H|ZE2e 744815, TSP 2 PM109A1 8] H]SEo] Z7}a}
E ZAo® UYehtrl, FGDE AV e thi] PM25
o M2l HlFo] F7I8laL TSPollA 2] HlFo] ZAdh= A
o2 yepdth Cdel #xn]&-2 SCR Hete] TSP=
°F 1%, PM10S ¢F 2%, PM2.5= ©F 97%% SCR A
ol PM259] Cd HlZo] =4 Yeldth FGD A
w3} ZEAE TSP PM10, PM25 25olA Cdol
AZHA Ut Cde v T JAFEREC]
ESP % FGDE AWAA] tifte] AAEIL ATt
Cue] #3xu]&LS SCR vt TSPE oF 28%, PM10
2 oF 32%, PM25% ¢F 40%= SCR HeoA+=
PM25¢] Cu H]Zo| =4 Yepstth. FGD x| TSP
£ 9 51%, PM10& °F 31%, PM25: 9F 18%%
TSPeA Cu ®lZo] =4 Vel 2529 TSP= of
42%, PM10S <k 39%, PM25v= F 19%= TSPellA
Cu ¥]Zo] =A Uelsth Cue 4Vt 3 A=
Zo] ESP ¥ FGDE A4 PM259] Cu HlF2
7aslal TSP Cu Mo Z7Fke Ao Yeldth
Ni¢] £¥H]&& SCR Aete] TSP= oF 19%, PM10&
°F 21%, PM2.5= ¢F 40%% SCR Adtold= PM2.5
o] Ni Hl5°] #=A Yepyith. FGD Awe] TSPE oF
31%, PM10 °F 27%, PM25= °F 32%= 97
Hlg2tol7F FA] JeptA] et 259 TSP=
40%, PM10S ©F 42%, PM25= °F 8%= TSP
PM10°14] Ni H]50] =4 YeRdth Nis A47k~
JAPFEAoe] ESP ¥ FGDE AuvbdA PM25¢ Ni

ofN 32 19 nE

o] TSPE= oF 25%, PM10& °F 30%, PM2.5= oF

vz 7+

— T

ska2 TSP 9 PM109] Ni H]Fo| S7Feh=

Table 7. Concentration of the hazardous heavy metals in PM2.5 emitted from each process of the tested plant (Unit: mg/

Sm?)
Process sample No. Pb Cd Cu Ni Cr Zn
1 10.09 141 13.18 755 10.29 12383.80
. 2 15.23 0.00 12.12 6.80 25.96 22408.49
SCR inlet PM
e 25 3 40.44 0.00 13.14 3111 69.74 34365.69
Avg. 21.77 147 12.81 15.15 35.33 23052.66
1 0.22 0.00 0.40 0.76 2.03 2600.09
. 2 0.33 0.00 0.16 6.42 7.23 1376.36
FGD inlet  PMy5 3 0.57 0.00 0.35 151 2.42 2621.15
Avg. 0.37 0.00 0.30 2.90 3.89 2199.20
1 0.23 0.00 0.23 035 0.65 717.15
2 0.23 0.00 0.00 0.20 0.33 310.19
Stack PM;5 3 0.10 0.00 0.07 0.18 0.69 669.47
Avg. 0.19 0.00 0.10 0.25 0.56 565.61
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Fig. 3. Proportion of hazardous heavy metal in TSP, PM10, PM2.5 emitted from each process.
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