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Pollution Characteristics and Health Risks of Metal Elements in PM, . from Nanjing

LI Hui-ming' ,QIAN Xin® * | LENG Xiang-zi®, DAI Qian-ying’
(1. School of Environment, Nanjing Normal University, Nanjing, Jiangsu 210023, China; 2. State Key

Laboratory of Pollution Conirol and Resources Reuse, School of the Environment, Nanjing University, Nanjing,
Jiangsu 210023, China)

Abstract: The concentrations of metal elements in PM, ; in Pukou District, a typical industrial zone of Nanjing were monitored and
analyzed from December 2016 to October 2017. The seasonal differences and sources of metal elements were analyzed, and their
health risks were evaluated. The results showed that the average annual concentration of PM,  was 61.24 wg/m’, and 33.33% of
the days in the whole year exceeded the daily average limit of national ambient air quality standard ( GB 3095—2012). The average
concentrations of most metal elements decreased as: winter > spring > autumn > summer. The annual average value of As
(2.01 = 1.09)ng/m’ was close to the limit value of China’s environmental standards. Metal elements in PM, ; mainly came from
industrial emissions, natural processes, metal smelting and transportation activities. The enrichment degrees of Cr, Ni, As, Cd,
Cu, Zn and Pb were relatively high. Results of health risk assessment showed that the non-carcinogenic risk of Mn was the highest.
The total non-carcinogenic risk value of children and adults was 0. 0884, which was lower than the safety threshold of 1. The
carcinogenic risk of Cr( V) was the highest. The total carcinogenic risks of children and adults were 6.23 x 1077 and 2.49 x 10 °,
respectively, which were both within the acceptable level.
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®1 ARAZEHPM, F&BTERBERE ng/m’
&8 &% £%F kS & L4
Al 1223.36 +£461.03 1 169.29 +438.36 851.46 +307.86 1 024.22 £456.42 1 055.69 +430.91
As 2.64 £1.09 2.55+1.18 1.35+0.69 1.52 £0.49 2.01 £1.09
Cd 1.50 £1.28 1.11 £0.45 0.65 +0.38 0.70 +0.48 0.97 +0.74
Co 0.40 £0.11 0.43 +0.20 0.33 +0.16 0.97 £0.25 0.49 +0.30
Cr 5.50+£0.72 6.27 +1.44 5.23 £1.57 11.61 £3.42 6.72 £2.94
Cu 56.25 £19.34 53.93 £19.95 44.20 £15.21 51.45 £11.19 50.92 £17.55
Fe 559.64 +230.61 489.10 +166.89 394.31 +£153.56 384.38 +165.86 455.18 +186.60
Mn 25.17 £9.75 24.65 £8.85 15.86 £6.72 16.71 £5.83 20.84 £9.09
Ni 5.93 £0.63 5.54 £0.66 3.81 £0.54 4.88 +1.59 4.96 £1.19
Pb 41.13 £16.90 28.11 £12.90 12.16 £6.01 15.82 £5.41 23.54 £15.48
Ti 43.11 £13.40 42.09 +13.18 23.08 +10.57 28.54 +11.32 34.03 £14.94
Zn 124.64 +34.02 106.92 +39.37 79.24 £22.15 90.96 £20.90 98.97 £34.73
*2 BREFRRHTPM, BT ERBRELE' ng/m’
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o8 (um 7@”5* A ﬁyﬂ\iﬂm“ L ﬁ(ﬁ‘lﬁ“ RE 1;1}%*
Al 1298 466 378 — 480 — — 758.25 280
As 6.2 10.4 4.02 6.7 3.3 5.26 — 1.22 —
Cd 1.6 8.6 — 0.75 0.71 — 6.3 0.29 10.2
Co 0.4 — — 0.15 0.4 — — 0.44 —
Cr 32.1 7.16 1.79 5.5 7.8 3.61 19.8 22.74 7.5
Cu 28 58.6 7.37 8.5 12 9.69 138.3 7.23 26
Fe 690.5 — 596 — 799 304.84 — 379.79 250
Mn 38 49.4 27.9 14 37 22.68 — 9.06 29.4
Ni 42.4 7.28 0.76 3.2 6 2.58 — 97.75 5.37
Pb 38.4 53 10.4 19 37 27.85 159.3 44.39 72.3
Ti 38.9 — 27.7 — 46 — — — 18.5
Zn 220.5 226 79 30 78 96.38 468.4 441.65 220
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5, REAFR Y AE RS RS A LT
BB RSORY) 4 8 oo & iRk B SRR £
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i, H As B2 AR F (2. 01 £ 1.09) ng/m’ 5y
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PM, 1 As 9 T VR B LI 2, As 19 I i
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R, AR £ A A KL E
S0 Cr 1 Ni Y Ef £E10 ~ 100, Sy
B4 As Cd .Cu Ml Zn [ Ef 7€ 100 ~1 000,y & Ji¥
W&, Pb Iy Ef fEA ZE (2 100 ~ 1 000, 4y &
FEE AR, M AEE = Bk = 10 ~ 100, 4y v 2w 4
WEN ot BFR AR R Z MW —LER,
KA IUREE N EENFI R T B, X
AR 5K A= PM, Wk B AR G

T T T DXCR AR 1 T2 4 43 BT A AR L 3R
3, PP 3 AT, Bt T ETTERE R
71.266% . FH 4 1 4145 Al As . Cd, Fe Mn Ni,
Pb Ti Fl Zn, J5 2 5T #k % K 50. 166% , 45 4 & 5
TR RS R, ok A Tk HE & A SR B TR
AR E Y 2 AHE Cr Fil Co, J7 22 TTHR R K
14.990% , EF R { & @it H: > . TR0 3
G Cu, FETTHRE R 6. 111% , EE K AN 4 B
KRR
2.4 PM, ¥ & 4500 RN

i U.S. EPA [ XUES PF M A2 AL PE iy PM, S
4 JaR 38 o T W 2 X N R L A R XU o
X As . Cd . Co Cr( VI) Mn F1 Ni 35 Fp 4 & (9 JE 2k
I DAV AT VAR, A6 11 AR B0 KU B, %5 1& As, Cd,
Co.Cr( VL) ,Ni 1 Pb 4t 5 Rh4x @ . it BE XU {H L 22

®3 PM, HEBTENERST SN (n=93)

B %

s 1 2 3
Al 0.770 0.166 -0.089
As 0.838 -0.146 -0.096
cd 0.722 -0.125 0.382
Co 0.294 0.865 -0.142
Cr 0.123 0.922 0.102
Cu 0.607 0.131 0.627
Fe 0.702 -0.158 0.000
Mn 0.797 -0.06 -0.198
Ni 0.774 0.172 -0.178
Pb 0.817 -0.182 0.147
Ti 0.823 -0.115 -0.256
Zn 0.799 -0.119 -0.116
FRAEAR 6.02 1.799 0.733
TR/ % 50. 166 14.990 6.111
B ETE/ % 50.166 65.156 71.266

BwE EBUES RS %R (RIC) REE S
J& B WA G AUBS (TUR) A5 SR I3 4,

PRS0 K, Mn A1 Ni By 2 88 Wk S (H 8
= ,Co A1 Cr (VI) Ay 2 &% W BE(H K. Mn (19 HQ
{H 55 (0.037) ,Ni k2 (0.028 7),Cr ( VI) f#) HQ
fEF A% (0. 000 776 ) , JL 2 F1 A A B4 5 3F E0 XU
B4 0.088 4 KMt 4 47K 1, X F HUE MK,
Pb 1 Ni 1) 5% 58 W BE 40 5, Co M B BRI i ik, Cr
(VD) B B0 XU 5% 785, Ni o0 500 XU e ik, L
9 R SO KU R 6. 23 x 10 77 BN Y i S50 LB
2,49 x 107" Y 7E AT 32 K
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o c/ IUR/ RfC/ EC/(pg-m™) HQ CR
e (ng=m™) (pg-m™)" (mg-m™) Lz A L% A L3 A
JeE As 2.01 1.50x107° 1.63x10™" 1.63x10™* 1.09x107° 1.09x10°’
cd 0.97 1.00x10° 7.86x107° 7.86x10° 7.86x10° 7.86x10"°
Co 0.49 6.00x107° 3.93x107° 3.93x10° 6.54x107° 6.54x10°
Cr (VI) 0.96 1.00x10™" 7.76 x107° 7.76x107° 7.76 x10™* 7.76 x10™*
Mn 20. 84 5.00x107° 1.68x107° 1.68x107° 3.37x107* 3.37x107’
Ni 4.96 1.40x107° 4.01x10™* 4.01x107* 2.87x107° 2.87x107*
A R 8.84x107° 8.84x107°
EEE As 2.01 4.30x10°° 1.28x107° 5.10x10°° 5.48x10°" 2.19x107’
cd 0.97 1.80 x10°° 6.16 x107° 2.46x10°° 1.11x10™" 4.43x10°*
Co 0.49 9.00x10~° 3.07x107° 1.23x10°° 2.77x107% 1.11x107’
Cr (V) 0.96 8.40 x10°° 6.07x10°° 2.43x10°° 5.10x1077  2.04x10"°
Ni 4.96 2.40x107" 3.14x107°  1.26x107" 7.54x107° 3.02x10°*
Pb 23.54 8.00x10°° 1.49x107" 5.96 x107* 1.19x10™" 4.77x107°
AR il 6.23x1077 2.49x10°°

% GORLBR R 2 P8R At Ay 7 T A 9
WE s E#FgERte b, W RFIRET T ERER
WP WA T, TR 7% B8 B P42 fioh ol 1B A S5
WA X T RESRS AR TSP ESR
M BB L R E N R SR R B BN,
I L £y B, R HE 4 Jim Xk AR B4 £t T XU AR ]
A2 TR 58 B it 330 B0 4 BREKUBS . A F 9 2R
FIPM, s rb o 3 J 1) 5 B Ok T B 2 5 R B T OR B
JERE B E M A WA NE . AN, AU AT
AR E 1 A e KUK A A2
MAPEM SR KT, PM, 5 T EE 6 J X B 1Y
R AEA A 2 20 . B AR OB ) v G R
X ARG AR 0 E H 25 32 210G, —SeHiE )k
APy B BRAVRAT IR 22 ST T R RE @ XA
PACHER RE G R B B £l B XSS, B M1 14 45 SR
G 2RI AL A RE R A T U GR A T A
KA &8 AR 16 F R A 6 F R A PLEE

3 #ig

(1) RAF A5 PM, (HYAEME N 61.24 pg/m’, 42
AR 33.33% (R (GB 3095—2012) ) H 1
BRAE 75 wg/m’, & Z PM, ¥ H) {8 55, ok b &
& KB AT EE R AR

(2) Al Fe il Zn 7ERE 50 PM, i BE R, Cd
Hl Co W BEAK . 45 KR Z 804 )& o0 2 1T ¥ HE
PR A& >KHEE>KZE >HEZEF, As Cd Mn Ni
FPh £ SR A ] 1] 249 5 8 2o 3% ) s it 5 AR 4
P BRLAEL , H As ¥ 5 55 Ry 32 30T B AL

(3) EWAT TR, PM, ;th &8 F 2ok

H T HE AR R &R M XSSl i g, R
P w RN TS5 R, AL Co Fe Fl Mn 42 )% 5 4%
Cr FI Ni Oy i 45 As \Cd \ Cu F1 Zn N EEH
. PbIEENTAELT FFAHEEE, ML
HZ KENPEEE, R DEmuuREL K
N TS T F.

(4) AR Ak o JXURS: DA B9 45 2R, Min 9 R B0
DR AL f5e 5, Ni Yk 22, G (V) 9 A 20 XU {8 4
%, JL B A B AR 2O B (o 0.088 4, Kk
Ak 1o Cr(V) B B0 KUK B i, Ni i 2L
o XU Jc A1, L 119 B B0 R S 6,23 x 1077, i
NI SO KUK S 2249 % 10 7%, 3 76 T B2 2 K
TN

(&% 30ik]
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