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Pollution characteristics and human exposure assessment to
environmental persistent free radicals in urban road dust
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Abstract Environmentally persistent free radicals (EPFRs) have recently aroused widespread
concern as a new type of environmental risk substances due to their potential adverse health effects.
In this study, Zhoukou, a rapidly developing city in the core area of Central Plains Urban Agglomer-
ation (CPUA) was selected as the study area. A total of 44 dust samples including road, park and
residential street were collected in this area. The working parameters of electron paramagnetic
resonance (EPR) for EPFRs detection were presented, the pollution characteristics and distribution of
EPFRs in road dust were described, and associated heath risk was evaluated. The results showed that
the average concentration of EPFRs in the road dust was 1.26x10" spins-g™', in the range of
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4.63x10" spins-g”' to 6.72x10" spins-g!, and the order of average of EPFR concentration
was trunk road > sub trunk road > parkway > residential road. The g-value of EPR signal in road dust
was 2.0032 to 2.0036, indicated that the EPFRs in road dust consist of carbon-centered radicals or
carbon-centered radicals with nearby oxygen or halogen atoms. The calculation by using combined
model showed that the EPFRs exposure via inhalation of dust in urban road was higher than that in
other functional area. For the children, the amount of EPFRs inhaled in the body was equivalent to
0.01—0.58 cigarettes (on average, 0.1 cigarettes) per day, and 0.03—1.53 cigarettes (on average, 0.3
cigarettes) per day for adults. The results can provide the basic information for EPFRs in road dust
and can also offer support for the further study of EPFR formation in road dust.

Keywords environmental persistent free radicals, road, dust, exposure, risk.

ISR AYE F H 2 (EPFRs) & — 280 BT5 e ), A RRE V. R AE L iE R B e g % 1 S AR
A7 A — 5 PR XU, 2875 L Wy RE 451105 = ) DNA L 51 % Jili 350 F0x 1L 459 05, R B A A fidt B, A1k,
JS A 3T A R A 5 U AT 5% G 1 1 1 2. EPFRs AMUAEAE FALIRACIE B v, ) 2 A2 7 T & Fh R B
Amarh, HET R R . AW, KRGS BT 8 &G — 5 (1) EPFRsE O 8T 38 I K A2 BT
Ab R BT AR IR, 52 NIEIE S R S 2 TS Y ) BT AR I T . 8 IR AR AR R ZF05 e gk, H b 4
KT Rl 2 PR A AR P sh 7, B8 B Bk e AR, S P A A YL G S R AR
FEH X KAL) U350, AR IE, 25 A 10%—50% Y PM, 5 % [ iz @, Rk, 558
IR 2B o EPFRs (/75 Y4 AIE S L ERBE UG, S 3ok 117 B 358 EA AN BIE 7522 00 S Al A S e 1 S

AT O A [ P A1 2 G H UL ERBE A el EPFRs 75 e | 7 A AL BHFN B0 55 RUS: 46 J T A ATE 9 BRUAS T
—E HEJE. BN, X H R 4 AT i A5 SR R BT, KAUBURL A EPFRs 1975 8 7E 1.60 x 10" spins-g ™' ]
5.35 x 10" spins-g ' Z [H]", A £5 5 B R L AT 2016 4F4 2255 g5 [A] PM, 5 H' EPFRs 9 7 & 1l ik 1.60 x
10% spins-g "1 KA IR A H EPFRs 1A TS 2% g (E7E 2.0027 & 2.0048 Z [1], HLHE— M0 FLAE AT
IR OB Py v ) EPFRs iy 55 480 A0 48 09 DA J5 - Sk o (9 3 el 560, SR8 4 0 b % EPFRs — i
FH HIT KA L AN AV 48 SR A A 2 R A S SR R R T P A= 02 B B R 05 T AR G
(2R NG R ] hy 3k U 1 4 TR BRI L -, fRE T LARRN TR % EPFRs IIE M. 230 5 1R A LTS 4 )
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IV . NARIFIR RS PM,y s 1 H B 6 A AR B il 25 A AT i 5 S0 TR
M AL, 2 AR R ORI PM, s FR A R AR 2 T R A B, X R PR
05 B8 T AN ELWINIR EPFRs SHgERRE 195 5, IR Bl 12 SR .

H i, T EPFRs MMFSEANAFAEAS AL, LR/ T8 [ B 242 v EPFRs 5C F15 YL fiE K fE B JRURS: Al
J5 T B9, BOEE AT % K 21 EPFRs (1475 G4 53 A L . B B B LR A AR {52 i 1) DA RO I
2RI, ASBIFSE e b SRR T A DR S A 1) SR 0 TV SR I DX e, %o R S T X el % K 2B AT 2R
B, IR LR 4R 3 72 CEPRO) A, 43 H7 A [] ) B [X 38 % JK 21 /b EPFRs 1 & s FRAE, M3 ¢
TR /INHE T8 B K 2 TR Y EPFRs T 2tS. SR >4 15 785 00 K500k o Bl W A (8 K 20 7 A 1 fdt g DU 447 1
i BF 98 25 SR A HE AATTX ST 38 6 2K 2 /B EPFRs 15 YL AE e il IXURS: IR, o o — 408 9 3ok T
#& K A2 EPFRs 1% BB $2 LS KR

1 #MBLE )7 (Materials and methods)

L1 JE B IAAE i B R AR

DA TS AR A 0 DX DR SRR AL 9 J] 1 T DA 9 X, R 0 el | o R IXCRITE 5 3 Fif AN [R] 26 2 2y
REDCIH %, B8 44 A SRAE AN, JF R AR IE I AKE A 3 T D AR XCRAE R B B E 4 3 o b 6 4 Ja IR
DX 10 A GBI 28 A~ ARG TE %23 SR Sl T Al 22 AL Bl 4 18 Koy D 32 OB 8 A28 ) AR I (XL
6] 6 4230 ), BEERAE BT B0 12 5016 A, SRAE L7031 38 % 0K A2 SRR R 3 PR 58 £ 7 s
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(B VR T4 2 05 G AR L ) (HI/T 393—2007) AFRAR WS I 75 ¥E 9047 . by S e Rk R AR 2], SR
S TRI BT 4% K e S i B 1 JeJR b A, IR e 28 (R A HIBIOR 2020 4F 11 A 14 B AFFERHICZ
FRAE W 245 (300 W, V101 Pro B, FiJH SCAE U A BRZA 7)) SRAIK AR RE M, 728 BURE 537300 R 4R
3 A RGEEfh, RS I — D RE . AR A T B AR, AR T AR AR U, ARICRAE I ] | i Um W R AR A
a4 L, RIS D RE X S BRI TE A% D0 555 8, 745 R AL U (455K GPS SE (7 R GURE 7, T ke KA
PR, IR FE A 20 °C VKA ARAE, 5 0T

i Legend
& XT3 Sub trunk road
A )N ETE i Parkway
® & Trunk road
B JER X3 % Residential toad

R

Henan Province

1 RAERATER

Fig.1 Location of sampling sites

1.2 JK“2v EPFRs I 5E

W52 K H EPR JEHE (MS5000, A& 5, £ [ ) I 2 K A HE i (1) EPFRs. 254 5 AR 98 KU 0RE
Yyrfr EPFRs 78 £ AR /9 S 500, 38 33 35 B AN R XA S 803 5K W 2 EPFRs 1Y e LS80, S 400 2 (X%
BILBEON . Wi3AR I, 328—348 mT; K IHE], 60 s; (%38 BE, 3 mW; ISR, 100 kHz; 3 H] iF
0.1 mT; 253 %3, 15.2 dB.

EPR MR FH B Cr il MgO 2 UM AR ifEY) 5. 38 3 ff ] EPR #2)% WinEPR Zb 3515 ¢ (i, {7558
BER Hyp, 2887 0T USRI P R 1) ST, ] P A ORI 500 SR A R A 3BT 35 1 W k. 325 1 vl LS
PR HERE & oh EPFRs (9 [ BELXHE A ¢ P70, 3l T S8 45 KRR i o EPFRs A9 35/ (C) 1
HPPX X (AHPPX)Z
prU X (AHPPO)Z
X, Co AARIES ) B 07 R A A ERK, spins-g s Hypen Hipo 23901 R R AR BE SRR AERE S — R B
53 EPR I % (805 058 125 88 5 AL AH o 3 590 R R A6 i RS TREARE ity — U0 1Y EPR JBE 3 114 U -0 5
JE; (AH,,)? ek Hyp, v LATHE {55 W T AR,

1.3 B KB ITAh

TF 5T 2855 52 1 R LR Jmy A1 1 At R XU, Pk RS 7R R 24 i A5 K SOV A A R SR VA 7 3, Al i
I T B i P TR N P T IR 2R 454 EPFRs 19 X i A Mgk it PR 22 11 L & H -2 AGH 4 K 28 EPFRs
(55 (Djgp) 2R R 2520,
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inh DEF x AT (2

o, C M K42 v EPFRs 1) & &, spins-g s InhR W A &4 38 J K2R 1) 25 S A0 3%, m*-d ' ED &
TR WRFFLEIN [H], a; EF 2R @M, d-a™y AT J& FXE I 8], d; DEF SRy A HE A 5, m’ kg s 4 H
W A K2 T A EPFRs (1) 2442 B MR8 A 2o,

Dinh
RCie X Cyr
2, RCyi, o4 75 M A5 70 rf EPFRs (1 7 ik, B 4.75 x 10'° spins-g "% Cy,, b B 3 75 N8 ) £5 1 7 &2, 1R
0.013 g ALRITHE i SEORE Q3% 1 PR,

Ncig = (3)
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Table 1 The value of parameter of exposure assessment

S Parameter JLE Child A Adult BERIR Source
EF/(d-a") 350 350 [22]
ED/a 6 24 [22]
AT/ 2190 8760 [20]
InhR/(m’*-d ") 7.6 20 [23]
DEF/(m*kg™) 1.36x10° 1.36x10° [24]

2 ZER 58 (Results and discussion)

2.1 JRZ2rh EPFRs Fh 24 1iF

] 2 S AN ) T fig X 38 % JK 2 EPFRs [ EPR 15 535 [, 45 2R W7, W a2 45 SR 1% B 1Y g i3 [F A
1.9465—2.0657, 7F It g {ELYE [l PN, AN [R] S U8 [# K A2 K 5 ' EPFRs {5 5 58 B 45 A A [R]85 K 42 vp
EPFRs {55 5 78 1k 785 [l %8 K —700—700 A.U.(IE 2a), Hk A Bd, Hok 2k o EPFRs {5 5 28 1k 5 Fl
—110—80 A.U.(& 2b), J& [ X i 1] EPFRs 915 5 28 fb i il B /N A —25—15 AUL(J8] 2¢). T g fA 1l
Bl — s i, {5 5 o S i 2 B AR, B A BE & &, A4 E LG R L Ul BN [R] 28 78 Ty 8 DX Hl T K
22t EPFRs {975 4 i B R B H A [RIRRAE.
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2 N[RISECTT D BEIX I8 % JK 42 EPFRs F°F-2 EPR 35 4]
Fig.2 Concentrations of EPFRs in road dust in different urban function area
Givt AT 2B, 8 2 EPFRs (1 g P73 Ry 2.0032—2.0037, H¥5{H A 2.0036, HoId-14 2k i
AH,,, FISEFEIN 3.6—8.0 G, ¥{H N 5.1 G, UL KA RE i v 32 202 LUBR It 7o vhoo ROHARIE A & A E
AE A1 1Y 22 Fh 2818 5 B APE A b k. 18] 3 AR B fE DX 28 B3 B K 42 v EPFRs 1Y g PR 50 Al Ak 45
LB, AR BY (1418 % K42 h EPFRs 1 g PRI (8 22 5 380/, 23 Bl il ¢ K2 v EPFRs 1 g PR 93
A1 2.0035—2.0037, Ji& B X Al 3+ 38 JK 42§ EPFRs B9 g A7 35 Bl 5 R 2.0034—2.0037, ¥R+ 3 K 28
EPFRs 1) g PFIF-1E 24 2.0032—2.0037. 33 th 15 B AN [) 39 117 2y g [X 3 4 K 24> i EPFRs (128 B A A
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B3 R[EIZE8HE B K2R EPR BHERIY g I FH
Fig.3 The g value of EPR signal in road dust in different urban road

g PFE 5 LR Se(E#0 T LU SR FIMT [ 2R 28 R0, BT EZ LA g B ERPIE FIMT B 28R
IO, AN [ A TRE B, T B T I pR S B > IR AT B, A e A 3
DT AZ RS 20 53 24 5 B0 (8, T8 0 2R 005, 75 3 R 5 1, PR s il 2 55 RIS il T LB UE A i
TP AR A B35 30 A2, 45 TORE Ao R BUE I g DR, AT AL S B 0 820 ek
WFSE s, I B& Wi o EPFRs (8 g R T-1H 0 2.0032—2.0038, S5ABF5Y g BT 45 RAE w80, gt
R AR D7 A R R LSRR o TR A RS, B R0 5508 A i SRR B 2R, dE— 20
7N R FIAR T 35 B K 2 EPFRs AOJE AT REAT N AE B SC 2R L st MIPE %11 PM, 5 ' EPFRs 354k K11 ¢
TAH 2.0030—2.0048, AH,,, (A 4.7—7.9 G, FIHHIBT I LLE R o0 s Ui R w0 &8 3 5 A 2 T
AYTR G Y [y RS2 53Xt oy — T U B 1 R AURORE YY) 5 18 K AR 2Z 8] AT REAEAE — i BUER &R, RIR
SRR R P R TE K AR 2 A — R B AH RS A
2.2 JRZB EPFRs 5 YL 4RME

K H EPR Kl 5B EPFRs 1455 SRREEAE , ARA A (D) A 2IHE 5 EPFRs W95 . 141 4
71N R AN [F) B3 T D) e DX 6 K 4> EPFRs 5 1. 9045 R R W, 38 % K 4> v EPFRs -3 % &4 1.26 <
10" spins-g!, & EJEEI A 4.63 x 10'"—6.72 x 10" spins-g . /[, JERIX , £ F18 Sk 138 K22 H EPFRs
S 28 & 43R 3.51 % 10™, 7.16 x 10'7, 2.82 x 10", 1.09 x 10" spins-g™". Xf He A [ 203 Tl T BE X 18
% K22 EPFRs i, S8 3238 >0k 38 >0 Bl > B DX — MR A, Bk Tl 36 38 % I 42 EPFRs 7%
T AR AR RIX, B3 18 K4 b EPFRs A2 f it i 35 /3 Tk T, A el i 3% k42 EPFRs
T E S TERX.
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4 AFDIBEXE R K EPFRs 7 i
Fig.4 Concentrations of EPFRs in road dust of different urban function area
R T S 7 0 XM 25 0 R AR ) A3 3% 8 0 2 780 R A ), 7 il 2 i AR T 0 X 202
EPFRs 734 7 25 22 53 9 R R 2 — . & A BIF 98 3R W] EPFRs 098 J8 w5 & 75w 9K A ALY 5 o 0 4 s (A
Fe, Cu & Mn 55 ) 5 FRIE 25 AR AH AR T 728 538 20 Fa e AL iy B2 0020 3l T K 42 v EPFRs 1Y 75
BT AT AR R, £ T3 EPFRs #r btk U T30, 1 38 50 PR T Al 238 B 0 2 o 4 BLsh 6 i
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R BRI Y, Kb & E AR . AHLE Y DU H B B3 T5 e 44 0, R A0 A AR 5 114 W
Pk, SR 2 S R Ho A HLTE Y, S EPFRs 7638 J K 22 A9 AR T 28 1F00. MG 95 6 1, 4
5 DRI el 3 86K 2 v 4 R WL G W 1 1 AR T BB, IR rh 205 I G WIS Y 2 8h &
HERCR M A R B, R, ZERTSRY) & B IR A 52 M T, P 2R D RE X JH #% JK 22 BE 6% 7 A 1Y) EPFRs (1) i L
T R T A B 5 A, AR AR X, A X — i A TR, L B A 2 A Y S
LT 2y N | R 8 e i ) B L1 S el 2 S S 201 N e N o) ) L N = G e S SR T A
YR LA — 2 M sh b, R RE Sl 2 00 A% fin IR ) 20 el 3 v, (20 [l [ K 2R (1) EPFRs &5 & 4
I RCE 2, JE RDKAH L2 Bl B 3 P, A2 BIHL B0 44 3 KR SHER A5 M AR X AR/ D, DRIk, T B DX
JKZ H EPFRs (15 & 5 /NG
2.3 BEE NN

TF 5% SR P {5 XU 60 B 76 Aok 4\ 4 K ok W A G 8% JK 21 EPFRs Y 2R 58 1, PR A 24 i B SOk
il 5 22 58 AU . BIF 5 43 )Xo A TR) 3k T ) 8 DX S N RDL B 9 B2 i AR 26 4T T3 (6 2), 45 R 1B
7%, XFF JL#, EPFRs %585 B 75/ B 208 0.01—0.06 3 &4, & B IX 254 0.004—0.008 7 A4, — i
B2 0.01—0.58 S A&, Horh 8248 0.03—0.58 &M, T2 4 0.01—0.53 4. %)
T BN, EPFRs 2 5% 5 75 A [ 2924 0.03—0.16 SZ 4, J& R IX 258 0.01—0.02 3 & 4, & % h 2y
0.03—1.53 SZ &M, H EFIiE 248 0.09—1.53 SZF M, IRFIE 28 0.03—1.40 SZ 7M. 7% 18 EPFRs
SR8y A LB R N R I AT K 2R AR N 1 EPFRs B AH 2T 0.1 SO, N BE B
KW AR ) EPFRs H#AH4 T 0.3 3274,

R 2 BRWAGEM KA EPFRs Y24 5 A E0(50)

Table 2 Number of equivalent cigarettes smoked from inhaling road dust

ety JL# Children JA Adults
Types JuFE Range {8 Mean JuF Range 4J{H Mean
F 18 Trunk road 0.03—0.58 0.24 0.09—1.53 0.64
YT Sub trunk road 0.01—0.53 0.09 0.03—1.40 0.25
A FE % Parkway 0.01—0.06 0.03 0.03—0.16 0.08
Ji X [ Residential road 0.004—0.008 0.006 0.01—0.02 0.016

BRI, TS e AT X AE B T, JLEE A A JK 2 EPFRs 258 KT . o JLE IR 2
BN, TR T I8 B B AR A K2 EPFRs 2 #5 & 3 K F A FE AR X, 1723 2 H EPFRs 2 #5 1
KFFEEIX. 33X 5 SCHFFEAS [F3T X 38 EPFRs 35 0 9 45 5 06 107 — 350 BN ZE 3 11 18 3 175 355 1 W ALK
H I8 #% JK 212 i) EPFRs %% % 1 15 38 [ — 26 s [X 2 A PM, 5 (1Y) EPFRs % 88 i iU AF 55 45 S0 b J . 75 %2
7 PM, s "' EPFRs SRR AT AH S 58 45 2R o7, I3l 42 R ACHR IO AR EPFRs 1 2k IR, H:
DR F R 32.1%) BB URL 6 25 P 45 6 B Vs Y W 00 e 2l T A oA b THT K 24, 32 388 R 0 AL ER B
PRI 25 52 M 23 T YR A F AR 8 T 30 e AR I 2 e A A PR K A At R 3 o — s RS =31, H T, 1
I 242 55 RS ORE ) 4 A8 4 A% By T K 2B R EPFRs A9 AL o 45 1) B 14 AT 48, T b — 25 T R A 26

R
3 %518 (Conclusion)

(1) 3 7 18 8% JK 22 b EPFRs & & U [l 4 4.63x107—6.72x10" spins-g™', F ¥ & - h 1.26x
10" spins-g .

(2) — MBIk i 35 % 4> v EPFRs 7 f T E DI RB IXGE I Kk 24b, oA B8 T >k TiE >
I3 PE > R IX A R A

(3) 3l T 38 % JK 2 EPFRs 4 g [T YE R 2.0032—2.0037, H: 38 2 LATR IR 1 e & AR i
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A EAE AN Z R IOR G BB AT A b 3.

(4) T & A5 1T, AR A K 4> EPFRs 2 88 1 3 8 T B TR X, L3 A R R i A K
2R E AR EPFRs 1 2940 24 F 0.01—0.58 S & M8 (31 R 0.1 32), 1l BN B B R W AR I 1)
EPFRs f Z4H 4 T 0.03—1.53 X &M (HIME K 0.3 ).
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