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Characterization of PM,, and PM, . Source Profiles for Emissions from Nonmetal

Mineral Products Manufacturing Processes

ZHAO Xue-yan', YU Gao-feng”, WANG Xin-wu’, ZHANG Xiang-yan’, YIN Bao-hui', LIU Ying-ying', WANG
Xin-hua', YANG Wen'", ZHAO Ruo-jie' "

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. Linyi Environmental Monitoring Station, Linyi 276000, China; 3. Zibo Environmental Monitoring Station,
Zibo 255000, China)

Abstract: In view of the insufficient source profiles for emissions from nonmetal mineral products manufacturing processes in China, a
dilution sampling system was used to collect PM,, and PM, , samples from glassmaking, ceramics, and firebrick manufacturing sources
between February and June of 2017. The characteristics of 50 chemical components in the samples were studied to identify source
profiles. The results showed that the dominant composition of particulate matter in glassmaking plant profiles was Na, with percentages
ranging from 9. 2% to 18.5% . Ceramics profiles were enriched in Al, Si, Ca, and Fe, with percentages ranging from 1.7% to
8.7% . Refractory brick and shale manufacturing process profiles were characterized by high abundances of SO (36.9%-48.1% )
and NH," (7.7%-17.0% ). Chemical components in the source profiles varied with the different fuel types and desulfurization,
denitrification, and dedusting methods. The coefficients of divergence (CD) between PM, ; and PM,, from the same process were
similar except for the results from the shale manufacturing process ( CD values > 0.3 ), thus indicating that the elements profiles of
PM, ; might be similar to those in PM,,. Profiles of the same particle size from different processes were significantly different from one
another, with CD values ranging from 0. 42 to 0. 76. The CD values for float glass and medicinal glass, and the CD values for the two
ceramic enterprises were relatively small. The distributions of weighted differences ( R/U ratios) were used to compare the differences
of components between the source profiles, and results showed that the identified components for glass manufacturing, ceramic
manufacturing, fireproof bricks, and page rock bricks were Na and As, Al and Ti, NO; and NH," , and SO~ and NH,’ , respectively.
Key words: source profile; nonmetal mineral products; glassmaking; ceramics; firebrick manufacturing; coefficient of divergence;

identifying component
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Fig. 1 Source profiles for the industrial processes of glassmaking, ceramics manufacturing, and firebrick manufacturing
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(Ca) i TAWIF, o(Al) | o(Mg) MK TANIS,
o (OC) FABFGE KA, A1 pe 2 il i P o
(Ca), w (Al) Ml w (Fe) Wy T & 0 Zx | 5
AHEFE KA Y SCHR PG FUIR IS o (SO; ) B

®2 ERSEBENSERYEY

Table 2 Coefficient of divergence between the paired source profiles

e PMZ 5 PMIO
TR ruwm e W W% WA DA FREm B WG W2 WkE A

TR 0. 00 0.00
B e 0.57 0. 00 0.54 0. 00

Wi 1 0. 60 0. 68 0. 00 0.56 0.71 0.00

[ 2 0.72 0.57 0.53 0.00 0.73 0. 60 0. 64 0. 00

M K s 0.67 0. 46 0.75 0. 65 0. 00 0.62 0.44 0.76 0. 64 0.00

U TS 0.57 0.52 0. 60 0.58 0.59 0. 00 0.67 0.60 0. 64 0.42 0. 65 0.00

1) B FAFR 6 Ml PM, 5 . PM,, JRIE BT 2 ] CD {EHRMHT 3 &
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Table 3 Source profiles for emissions from nonmetal mineral products manufacturing processes/ %
PM,, PM, ;
EgE| BUHS il 3 Pl i i i i TUATE el G P 2 i 1 i J il ™ AT

WE W2 WE WX WE W2 OHME WE O OMME WX OWE WX OWE WX HME WE
Na 14.9 3.5 2.9 2.2 14.0 1.4 1.3 0.1 13.7 4.5 1.7 1.0 12.3 1.2 0.6 0.1
Mg 0.3 0.0 2.7 1.6 0.1 0.0 0.4 0.0 0.2 0.1 2.1 1.2 0.1 0.0 0.1 0.0
Al 0.8 0.1 5.4 0.6 0.3 0.0 2.2 0.2 0.6 0.1 3.3 0.1 0.3 0.0 0.7 0.1
Si 0.8 0.1 4.5 1.4 0.3 0.0 3.8 0.4 0.6 0.2 4.2 0.9 0.3 0.0 2.5 0.2
p 0.0 0.0 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.1 0.0
K 1.9 1.7 1.7 1.4 3.7 0.4 2.2 0.2 1.7 1.5 1.9 1.5 3.1 0.3 1.3 0.1
Ca 0.4 0.1 3.6 0.2 0.3 0.0 4.3 0.4 0.4 0.1 2.2 0.5 0.3 0.0 0.4 0.0
Ti 0.1 0.0 1.1 0.3 0.0 0.0 0.1 0.0 0.1 0.0 0.7 0.1 0.0 0.0 0.1 0.0
\Y 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0
Cr 0.3 0.1 0.1 0.0 0.2 0.0 0.0 0.0 0.2 0.1 0.1 0.0 0.2 0.0 0.0 0.0
Mn 0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fe 0.6 0.1 5.5 3.3 0.3 0.0 0.7 0.1 0.5 0.0 4.7 2.1 0.2 0.0 0.4 0.0
Ni 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cu 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Zn 0.1 0.0 0.3 0.2 0.2 0.0 0.2 0.0 0.1 0.0 0.4 0.2 0.2 0.0 0.2 0.0
As 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
Pb 0.2 0.2 0.1 0.1 0.6 0.1 0.1 0.0 0.2 0.2 0.1 0.1 0.3 0.0 0.1 0.0
ocC 37.0  29.9 12.8 11.6 1.8 0.2 0.4 0.0 31.3 240 134 1220 22 0.2 0.4 0.0
EC 2.0 1.3 0.6 0.5 0.3 0.0 0.0 0.0 1.8 1.1 0.8 0.8 0.4 0.0 0.0 0.0
F- 0.6 0.6 0.2 0.1 0.0 0.0 0.1 0.0 0.2 0.2 0.2 0.1 0.0 0.0 0.0 0.0
Cl~- 1.1 0.6 1.6 0.7 1.3 0.1 0.0 0.0 1.1 1.0 1.5 0.9 1.3 0.1 0.1 0.0
NO; 2.1 1.0 0.4 0.1 5.6 0.6 0.0 0.0 1.1 0.9 0.4 0.1 6.0 0.6 0.1 0.0
S0;~ 1.4 9.8 1.4 7.5 36.9 3.7 481 4.8 10.5 10.3 9.5 6.2 37.5 3.8 39.9 4.0
NH, 5.5 4.6 3.3 3.1 15.9 1.6 8.6 0.9 5.6 5.5 3.2 2.6 17.0 1.7 7.7 0.8

1) = FRAREN 22 0 BIE I 0> 2 —, DN KB M BUA G FOR T 1 Al HopR v g 22 08 FHAS (LA 10 2 — AU Li

. Be, Sc., Co, Rb, Sr,

Y. Zr. Mo, Cd, Sn. Sb, Cs, Ba, La, Ce, Sm, W, TI, Bi, Th il U JCR KT DE <0. 1% , FHiLAFH
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Table 4 Main chemical compositions of source profiles for glass, ceramics, and brick manufacturing in the literature/%

|37 e Al Ca Fe Mg Na cl- NO; S0%- Na* NH,' oC EC ik

Ei3 PM;,  0.04 0.27 0.04 0.05 2.03 0.02 002 21.32 2.0l 0.22  10.07 1.27  [30]
B PM,s 0.00 0.06 0.03 NA NA 0.05  0.07 NA 4.24  0.34 239 078 [23]
Wi PM,, 2.8 1263 0.50 1.20 0.99  0.37  0.18  0.02 — 0.11 12.76  1.43  [19]
(GE2 PM,, 4.45 58  0.97 1.8  2.46 — — — — — — — [25]
[ PM,s 7.23 3.8  1.31 1.36  0.47 — — — — — — — [25]
TET PM,s 4.10  0.54 — — — 2,95  0.17 24.64 — 7.59  3.83  0.90 [26]

1) NA IR Rt th, “—" FoRFESCHR T AR PR A% 0 7 2585

RTARATR T, (A W TAMR. LG6kE BAK.

AT IR ) 22 535 B N AMIFSE T B L5 Fh R lo@), -—0),| (2)

FARL, (B FTREEEE R, FESER, K U

R TR TSy S SRR RS
EXEE
2.3 TS IERRIRA Sy

BRI S48 AT LK SRR B 5 b X 4y
FEILL Sy, W Si n LAFE A 4 A i AR iR 41 43
Fe M LIME NIRRT 2 REUR AUBRIRAL 43, K W] IR
NP BRIRBE IR AR IR L4y [ R/U 0 #r
RTR RS TP A AR LM AN 22 STk, 22 Rk R
AT LIE A XA S AR IR 4143 ). R/U 3T

Ko, o, o, Jg WIS T 2414y | Bl S HOF 3
TERIbR E R 22, A IR IR S P A A 1 | R/U
| >3, WA IR 2 43 76 1 R R 3 vh A — i 22 5+
25 TS | R/U | >3 HIdLSy, Bhmsh s
VR Na, As, Ti, Ni F15 Al 3 Fh RS A7 76 22
5, Contini 2 F1 Stortini 25 fii 1] PMF 43 51 fit
FrEJE WS X PM, Al PM, SRIERS, ¥ As %
RURBIIR B Al B HERL , T I P Na (1 55 42 43
Bk, W1 T AR, DR B 25 Y Na AT As
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JCE A DIAE R B B ) & PR 00 AR I 4 4. Murillo
25 361 fff F UNMIX B3 PM, S U B, 2% 350 Pl 25 1l
TR AG B i 1 VR A R BT AL SiL Ca, Fe,
Zn, OC, EC H1SO;™ 7 b, Wl DAk 246 3¢
FIARIRAE . B il 3 i 72 S0 28 (AL, Si, Ti, Ca
1 Fe) A BTt 43 B0 0 5 T AR, H AL AL Ti
JCE S HABPEIE M | R/U | >3, AKX F A I

FAE A Wi e w1 X A3 LA U 2 AR R AL 4y T ok
Tl ¥ PR 3% v NOS A NH, 5 At 5 33 A7 75 2%
S, TUATE RIS H SO~ A NH, 5 HAb IR 77 1
5, NO; . SO;~ I NH, ] U 2 X 4 i k% |
T L R TR ISR VE . A5 CMB IR AT 5
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Hor.

x5 BRSEE |R/U| >3 HEES

Table 5 Chemical composition for which | R/U | >3 between the paired source profiles

|R/U| >3 Bl Wi 2 il i JCH% il 1
Bl ¥ 11 Na, Al, Ca, Ti, Ni, As
i A 1l 3 Ti, Fe, Ni, Zn, As, NO; Na, Al, Si, Ca, Ti, As, NO; , SO3~, NH,'
TUE T il 1 Na, Si, Ti, Cr, Mn, Ni, Zn Al, Ti, Cr, As, NO; , SO2~ Na, Si, OC, C1~, NO; , NH;
January 2013 in China[J]. Atmospheric Environment, 2017,
3 #Hig 165 248-263.

(1) A T Il 3 . Pl e o 3 e B ) 3 7
PRI, PO H A2 20 53 DL Na Ry (i 20 80h
9.2% ~18.5% ), HHAE PM P i &5 Eb i T PM, S
P e DTS b 7E LR (AL, Si| Ca, Fe) B2y
By, RRBHRB B 7 2R TE] 2 A B & Al
[¥) OC., SO~ Fl Na [ T 7 BA7 FE I i 22 575 K
it R D% T3t 43K i L 43 1928 SO (36.9%
~48.1% ) , W30 NH, (7.7% ~17.0% ).

(2) RIRPBLAR IS IS 9 CD fH 58 7m Bk 01 5 % A FL
AR5 AL 2 FoRiAR IS B AL, Rk
6 AR S W Z [ /) CD (H B, B0, P&
SRS KAt A oMl B8 PR35 2 S A 5 B AN 2 RS 2
], 2 AR il =22 18] 4 22 S AR .

(3) G5B WIE P AR H 1 R/ U H S HAEP I
H SR AR, Na | As JGEE AT AVE R 3 358 i it
VRIS BORRIN L 4, AL, Ti ] LA FH Sfe PR 001 P 328 o o,
ik J B Y5 RE Th NO; . NH,, U i Y3 PS03 |
NH," AT LA 5353136 )4 HC ] HG A 5335 X 23 A A H.
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