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Abstract: To quantify the emission reduction effect of warm mix additives, field research was
carried out on the production and construction of hot mix and warm mix asphalt pavement and

” &

three typical test environments, namely, “mixing station discharge open-air general road
paving” and “tunnel paving”, were selected for air sampling. Nine substances (CO, CO,, H,S,
SO,, NO.,, PM,;. PM,,, Benzoapyrene ( BaP, wvolatile organic compounds, a primary

carcinogen) ., and asphalt smoke (also carcinogen)) were selected as characteristic emissions for
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quantitative analysis. The results were compared with the harmful concentration limit values and
the test results of similar studies. The results show that the warm mix additive is selected by the
project can effectively reduce the mixing and compaction temperature of a mixture by 20 C, at
the same time as the above three test environments, the warm mix additive reduces the
concentration of the nine emissions by averages of 28. 6%, 20. 8%, and 26. 4%, respectively,
making the excessive CO concentration in the “mixing station discharge” environment and the
excessive asphalt smoke concentration in the “tunnel paving” environment satisfy the limit value.
The warm mix additive has the best emission reduction effect on the carcinogen BaP (reduced by
more than 40%) and asphalt smoke (reduced by more than 30%), followed by gaseous emissions
CO, CO,, SO,, and NO,, However, for H,S, PM,;, and PM,,, no significant emission
reduction effects are observed. A comparison with similar studies shows that the carbon dioxide
emission reduction effect has the highest correlation with the temperature drop, and the emission
of SO, is related to the acidity and alkalinity of the aggregate in addition to temperature. The
emission reduction effect of NO, comes from the saving of heating fuel and the reduction of
heating temperature of asphalt also leads to the weakening of the volatilization of BaP.
Furthermore, the warm mix additive can effectively reduce the discharge of the asphalt mixture in
construction and production. 9 tabs, 3 figs, 31 refs.
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Tab.1 Asphalt mixture production temperature at

mixing station C
5L BE A i £ HMA WMA
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i 189~200 171~178
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Fig. 1 White smoke emission when discharging at mixing station
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Tab.2 Temperature testing on pavement paving sites C
TR EE I B HMA WMA
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Fig. 2 White smoke produced during tunnel

paving of hot mix pavement
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Fig.3  White smoke emission has been alleviated during tunnel

paving after using warm mix additive
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Tab.3 Detection methods and criterions of nine kinds of waste
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Tab. 4 Meteorological conditions during sampling
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Tab.5 Harmful concentration limits for nine types of emissionss
6 00 47 5 MAC PC-TWA PC-STEL H ¥ FRAH Z: AR Hg
CO/(mg +* m~*) 20 30
COz/ % 9 000 18 000
H>S/(mg+ m ?) 10 GBZ/T 2.1—200726)
SO, /(mg « m™ %) 5 10
NO,/(mg e+ m *) 5 10
BaP/(pg+ m™%) 0.002 5
PMi/(pg+ m *) 150 GB 30952012027
PM,.5/(pg « m™9) 75
Wit/ (mg « m™ %) 8 GB 18553—2001[2
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Tab. 6 Test results of emissions concentration when mixing station discharge
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)
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L7 -
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PM,. 5 pg e m? 478" 469 =>0.05 1. 80
Wi A mg e+ m ° 19. 8" 11. 2~ <20. 05 43.40
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Tab.7 Test results of emissions concentration in open-air general paving environment
He iy e 2 WMA t HMA HEc
L4 — pIH ; A
(3 A HMA WMA W TR/ %
CO mgem ? 12.4 9.7 <0. 05 21.70
CO;, % 1.2 0.8 <<0. 05 33.60
H,S mg -+ m ? <0.6 <0.6 =0. 05
SO, mg e+ m ? 1.24 0. 85 <Z0. 05 31.50
Lioall] 3
NO, mge*m ° 0.052 0.037 <Z0. 05 28. 80
Ll
BaP pgem? 0.012* 0.007" <C0. 05 41. 60
PM, pg e m 3 239" 232 >0.05 2.92
PM, 5 pgem*® 117~ 124" >0.05 —3.30
Wi mg+m * 7.2 4.9 <0.05 31.90
T 45 Bl 2. 2 9 W B HE P 2k HE K CF 5 7R
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AL G HEBC vk B AR AL RSS2 5 M HE Y &
A PRAE WA AN T 45

(1) R T8 BRI SR T SRR 200 47 5% T 0 4 1
W BRI Y A BaP.PM,, . PM,. ; F1 7 48 . %
MFE L2005 W 7 H 0 e B R AR 22 BRI (B DA L T
PM,, \PM, 5 B 0] 0 A UKL ) (1) ¥k B FE AT A5 Ak

(2) H T30 AR 22 o FLIRGE N it R
WL 4 TCie FAFE IR S T P R AT R TE K T A it T
P IS S A e 3 S A e R e s e AR 22
IPE T 25T 1 CO HERUR 2 R Pt & 4020,
BIRPE T2 &M FEw 4%, 76 LR & TF iR
TR 1 DR AL 2 30 A, A R Ml S 48 L B
H, S Hb 4 B AARHE RO HE L i s/ 4F 3524

(3) B U, 78 % 0 % 18 Bl SRR S b . il T

x8 BEREHANSEHBRNLER

Tab.8 Test results of emissions concentration in tunnel paving environment

- HE e B2 {E WMA [, HMA HEjik ¥
% b .
e B LA HMA WMA W TR/ %
CcO mg e+ m ? 17. 4 11.2 <0.05 35. 60
CO, % 1.8 1.1 <0.05 38. 10
H.S mg e+ m 3 <0.6 <0.6 =>0.05
SO, mg + m 3 4.21 2.17 <0. 05 45. 40
)
NO. mg e+ m 3 0.099 0.068 <0. 05 31. 30
L7 :
BaP pg e m 3 0.093* 0.041" <0. 05 51. 90
PM;, pg . m? 321" 318~ =>0.05 1.41
PM;.s pg e m 3 178~ 172> =>0.05 —2.71
Wi mg + m ? 11. 1~ 6.7 <0.05 36. 60
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IAZ BH #Ro xfE DLRL A 28 A & S HE O i ok
CEORFESEG L S T 5 R A A B L T AR 4 el HE AR
WA T 58 KB 9 259 07 08 HE K F-H 26. 4%,
2.4 EREHARMIERTEE

W AR SCHE R 55 AR AU 7 B DU 285 2R A 7
P 25 RN 9 FroR . i T AT I8 23 ARCSE I B Y
SR Z AL M E R TR AR5
P30 2 o 8 S i B ) M DA PR TE I 3K Y i B A R
SEAAH R R ICT 6 IR A ST A5 4 5 I P 2
FEAL A BIF S8 2R T X0 b . 7E3X 6 TOF 58, 28 SR
FEPR BT 24 S PRk 0 OB FE . 3 IR 5 R T By Ak
B e T B ¥ 2 S [ [ K BRI 22 4 AR T

(national institute for occupational safety and

health, NIOSH) 4 b2 fes 3 9 Wk 00 vh 5 ¥6 i 47
MR B R E 9 TS M B A 1
TWE 98 3% F 25 = 3 45 {3 37 )5 (environmental protec-
tion agency, EPA) % H ML Oy 3 . X 2 M
AT CO, SO, \NO, ,CO Hil  J7 2 5 A 57 3
WF R FH 0 v A o v i) 7 i 2 A ) A 03 i
W 9. HXFF VOCs Wl & . NIOSH 1 EPA 4 It
e R F A KA B AR T ASCEE A7 4t 52 B T
DAY s A WF 75 AL VOCs iy BaP k47 17 il
. HEEM NIOSH 45 #EAH te, o B X T SO, .
NO, \CO By B FRAE S hn ™ 4% . 40 NIOSH xf F CO
1) PC-TWA FRAH 2K Jy 40 mg/m’®, T H [ 1)
GBZ/T #iE A 20 mg/m*** .

£ 9 WMA HMA HER 8 55 B9 48 55 STk S4B 3 b

Tab.9 Comparisons of WMA and HMA stack emissions data from literature

B ‘ o TR W HERCR % -
Pe e Wk | gm0 7 ik
i/ °C CO, SO. NO, CO VOCs
D'angelo Zig(#0) BituTech PER | PG70-22 | % | 170(155) |15~40 |18~35|18~70|10~20| 19~50 ESIL|
Middleton 8] Evotherm ET PG70-22 VA b= 168(155) 11 —14 8 10 E|S IR RrS
. NIOSH
Davidson %17 Evotherm DAT, PG64-22 VidEib= 160(148) 17 —17 20 20 Us
(U.S.H)
. EvothermTM Fi NIOSH
Hurley 409 70% 165(155) 5 14 —313
Sasobit® (U.Ss.)
. . NIOSH
Prowell (2] A6 70% 167(150) 19 55 18 19 17
(U.S.)
Mariely- EPA
R NER S PG64-28 ZRAE | 138(126) 22 55 70 20 50
santiaao 2§03 (U.S)
RS 5 CHE 3 ) 72
Evotherm M1 SBS ZE 179(158) 43 40 34 24 GBZ/T
H ) ({¥ BaP)

XFEEER 9 MO HE RS HE T A R AR GR A RHE
PR B X F CO, 5 CO Ay HE I 5% 0 48 K 4 15
HARFC TRER Y & SBS BOrE I 3 I 6 B = 3k
175 °C R FHRHE R S B i B2 o 21 °C L, H R m
P B R AR R B 2 2 5 0 B Y BT E 5 R CR A
R 4 o 86 T U0 75 e K CO, 9 HE 2505 2 e B
1 78 Hurley S8 (9 BF5E 0, SR R BRI B AR IS L it
T BEAREAR T 10°C & T A 5T AR
CO, HEBUK BRI R 500 A4 s AR wEsE
BT R 12 °C ~17 °C R4, CO.CO, 1y HE i
JE A SR P A . R TR R
XM be 18 B, 24 2R FH R e 19 I BAGIRR B ) X R R
MR AR, B S E T 82k CO, FiA
SEABRBE =) CO 3.

X SO, W HEM & I R 22 RAR K.
#£ Davidson S 7% 8 2 B0 T A6 R IR R S

SO, HEBCH AR T B AR . Prowell % 1 #F 55 15
SO, HETik 25 57 3 K 5 B T e 2 U 7 Y Fh 28 0
A R EWIHMRAY & EARS S0,
Mariely-santiago %k k. SO, WHER & 5 4 kL 1) R
B JBT A AR R O AR Bk Rk v I A K A AR —
TR AT DU RO B SO, » 5o R B A i L B bk
TR PESE R AR B A X F T . 76 SO, HEji
KA 2 TR 5 vh o SR 1 0 35 O 48 i o 4 RE (R M 4
B . ASHF 5T Fil Mariely-santiago % JH B ¥ 8 % &
aER PR RED

Bt A= 7 R R R ARG R R X VOCs My B 1
BT AU RAOR o ASBIESE AL BaP, s HEROCR
W . BT VOCs B4 53 5 2% I HGR B2
RAE A G T I E RS R T A s
s FLHEOMe FE A2 Ak, SCER L2 ] Hr 4 IR BE 2 5
VOCs HERHY e £ 2P 2 PG B 8w, 5 IR 2R
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W ot DU 7 v A A ) AR AR A AR Gl S T A
BRI IR AR A 7 I B VOCs B . 53 41 Jm#4
TR VOCs B HEROE B R . — s &
T SR mEAREHA BRI, & B3 BC RS 1), 7T LA &L
FEARKABIAN 58 2B 1 1 VOCs HETK

B ARG AR 77 B2 i o BT A WF S 3R B NO, HE K
AR AV (L2 Dl HIR 200 A 15 e i 2 G A 3 1 AH O 5
Ao CERL3L S s PR TR — A S UA
ALY IE 2l (2 DLATAE T 45 A P i
O LT NO, 32 ZER R IORH R BE 1 7= 4 KR Y
RO MR A 25 H 5 B AR o i 4 o s o A
Ko PRI il ol 2 722 Ak SRS A 0 1 Dl HE LT 1
Aotk H R R TR S

3 & iE

COFEFERG H R &8 R — B % 1 e A L ik 3 %
TR PEG 3 A I A 5 e o T R0 34 3 B A G 1 ik
HEROAE . B0 9 28R A HE T3y ke J32 A0 4 0 1 R}
Wy B - 24 B 28,6 24, 7 bk TE I T R BR8P O
BIFRET 26. 4 % . 78 5 K — i 1h e el A 1% v o7 1y
FRET 20.8%, JEHEFI X F B8 Y i BaP. Wi 5 4
RO B i SR Y COL CO, . SO, . NO,
KZAAXF Ho S\PM, 5 \PMy, , WA W42 B B AT 42
T SR DB HERSOR

(2)Z BSCHR[26 ] 19 2K, 76 R JHHE L 200,
FEFN G R R BE i COL SO, . BaP, PM,, . PM, ; .
Wi MAHE RO BB AR . 8 R — M B Al PR B
BaP . PM,, \PM,; HE 0 B2 88 A 5 Bk 20 I8 160 o A 2 5%
Hii) BaP,PMy, . PM, s X8 4 Fh 4 ot HE 0k B
FEBR . SR IR FE L 2005 . FF ATl ORI RO CO
R T S T A 0 T I 50 10 0 AR g AT ok PR AL
PLR K BaP A5 88 b o B HE 0k B2 T B e 32
e

(3) 38 3b SCHR I8 B A 55 A DG A 53 19 45 SR % Lk AT
DA SRR AR 8 (CO, T COD Y U HE 5% 5 5 18 B
ok i 110 R S i 5 5 SO, B HETCR bR T 5 IR A %
Hb 38 5 AR ER TR AT O, P B AR B AR I B 1)
AT LLA ROR B SO, 5 A PR AR P AR AS B 283X
FRe P s NO, /) HE ik 32 22 5 R FBRRL G & Sl =
K MR T AP KW BT VOCs 1 5 » Bk A4 7™
T P8 R A A ) L ko TR R AU O L R
AR 8 22 ) G S 38 A DR P o 7 T R0 s HE 7 TR
AT ST 2 5 AE I TS 1 i L B A S s o A 1Y
R RS TGO A

2020 4
S 2% Lk :
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