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N ZEE PM, s HEHFIER HE 2 B R EXR 1T

ﬁﬂ%s‘%l EFH Faz jl] ‘7‘]&3 ]I.Zj: H%’;l é'i’:th}%“ g‘?ﬂ]:‘l'éz sk i }%1 sk

(1. REH—F W5, FREERTS Qe d S S0 2, Jbat, 100070; 2. bt A SFREE R oebs, ER s
Yeps il TR AR TP, dLET, 100037; 3. B ARG A2 IR ik i 24 Be, JLET, 100048;
4. PR =R BRA T, dbat, 100029)

W E KENZRES TN AR EREESEZEE W, B s, 5% 25 A
7 A A R AR . BIF 5 S ek X EE DB 20 KK BE 3 1 A A ) 4 UKL ) ( fine particulate matter,
PM,s) #EAT THERLREE, R T KALZE ) PM, s We FE KO- SOHAL 22 4 43 R i, R R 28 AR (R 58
( U.S. Environmental Protection Agency, USEPA ) #fE75 (1) filt FE XU PEAN AL B 3745 T K 3845 BT PM, 5 T 4
J& TUEE X N A B 1) 2 R XU . BIF SR 45 SRR, K AR [] PM, 5 P39 MREE y 470 pgem 30, R EZKIREE
AR T RARER 6.3 1. PMys b F A s & BT E G I K, FHFEEE N 131.2 pgm™,
PM, s M BE 1Y) 22%, 8 FlKIFMEE T (Ca*. NO; . SO, NH, . Cl'. K', Na', Mg ) V-3 5 i i ik J&
H 269 ngm?, % 4.5%. KALZE[E] PM, s H EE 4 X % R N 1) Al B0 A B0R KU 7E W e Y, (5
43T 4 Jm JC R AR BUE A EUE XS R T R, SRR K | R R E . N RAEK
S B el s R SOk S R 2 6 AR B0 XU 2K O B i E% ) Mn> Cr> Sb> Co> Pb> Ni> Zn >
Cu, HiH Mn. Cr 1 Sb ZUE K F AL A BAE 1, BA 8RS0 XU, tesk, Cr fE0E XU {E
WA T BUR XS AT Z BE (1x10°—1x107) , FF5 R,
K JALTER, PM, s WK, RSy, 28 XK.

Emission characteristics of PM, 5 and risk assessment of heavy metal
exposure in cremation workshop
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Abstract The cremation workshop is affected by factors such as equipment workload and
personnel operation standardization, and the concentration of particulate matter is usually high, which
is easy to cause health risks to exposed people. The study collected PM, s samples from cremation
workshops of 20 crematoriums in the Beijing-Tianjin-Hebei region, and the health risk assessment

model recommended by the USEPA was used to evaluate Exposure risk of PM,s heavy metal
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elements in crematorium to human health. The results of the study show that the PM, 5 concentration
level in the cremation workshop is relatively high, with an average concentration of 470 pg-m>,
which is 6.3 times the national secondary standard for ambient air quality. The metal elements in
PM, 5 chemical components account for a relatively large proportion, with an average mass
concentration of 131.2 ug-m, accounting for 22% of the PM, s concentration, and an average total
mass concentration of 8 water-soluble ions (Ca**, NO;, SO,~, NH,, ClI', K, Na', Mg*) of
26.9 ng'm™, accounting for 4.5%.In general, the non-carcinogenic and carcinogenic risks of heavy
metals in the PM, 5 of the cremation workshop to the exposed people are within the acceptable range,
but there are still some heavy metal elements that are not carcinogenic and carcinogenic. Poor air-
tightness, personnel operation level and workshop ventilation conditions are related to factors. The
non-carcinogenic risk levels from high to low are Mn>Cr>Sb>Co>Pb>Ni>Zn>Cu. The values of Mn,
Cr, and Sb are greater than the non-carcinogenic risk threshold 1. The carcinogenic risk is relatively
obvious. In addition, the carcinogenic risk value of Cr also exceeds the acceptable threshold of
carcinogenic risk (1x10*—1x10"*) requires attention.

Keywords cremation workshop, PM, s concentration level, chemical composition, exposure

risk.

AT PR B BE i i R v S HE ORI . SO, NOy, ZRESC S5 ey, B —HRAT5RIE, 5
HA AP AT AR B, 35 Gl i A B2 AR, o Jol i 2 05 b B N A e ) Wi ) R i 3 | RS S T . B
A I AN T5 K FE RS G W HE bR 8 ) A A RS20, K AR HLFN 35 M) 4% it B8 B 15 e R AR 3 17—
SE R, KFEG IR 2 5 QWK A B B 0 AR AR ) 32 TAE s | Beas B AR e
SN R MR, 4 ) R ORE e B2 4585, IR ORABBER, Rl AN Bl TR 2 B, 2ok A fA
M A R M 2 1, i AR K A AR 8] PM, s HET K P B i Jom 187 5 8 XU B A , ot T F 5
] 2 AR B Bl 4 it B A T A A .

FURT, — 28228 B X 2T O 1 2 8 U AN BIE 5, Bk T Bl BE e . Mlsh 4 2
AN, RS TS QAL SR ORI . B | R A ML AR, TN K ZES BT ST id FE B R AR HEL

AR AR 0T SR L 9] A A A A 00 20 e o S b R I AN BRSO, BRI T A ST K BRI 5 PR Bl K

-, SR HERCHT B BN A PR R RE R, b %) v K FR A T A TS e HEOIAR e ARk R
PFEAT T H 5 SR A SRR A I T TR A e A, A SIS 1 A i A A i SR i, O i x
i B R T7 AR, BIF5T T 8048 A BE R TG e HE AL, 25 A L A R T G SR X AR AR
IS KFETFTH) PM, s Fl VOCs A TEIRAE, T 1 W BERZH S RFAIE, R TRAME B IGE FIAR, 124
TR R Cui S5 WE -5 HABA T AL XF L, AT T K ZE i R R KF, S5 G B ariat T4
FIN BAERAVEIRF-, $1 i HE ST TR] B 4 % SR 45 e A a4 3P 0 2 ) el AU LBt 45 55, 204 14Tl
ARA G IHETE T R ARSI FE 25 1, T R KAL 7R T8] PM, s HERCRAIE B 3% 5 KU WA B9F 5+ 0 2

WFFERT TS I 20 S8 K FR 0 K AL 42 T8) PM, 5 FEATHE iR AR, 4041 H: PM, 5 ¥R B2 /K1 A 43
FHAIE, 38 5 BPA HE7E ) 5% 82 WU AN J7 125, JT R JCAL A2 18] PM, 5 H 9 2 45 Ja T 300 A Y 28 5 XU 1
i, TRITRS ARG R RZ R B9 /NI4T A AP 0T 5K LA DA T Ji Ak ZE 37 R <005 e A BRI A7 1
FIPRAE—2k TAEN B3 SR AR 12 25 IS4

1 #MBL5 7 (Materials and methods)

1.1 X4

SUBRELHL X A 181 Gk Ry, Hihdbatn 12 48, RHEETT 11 K. W[db4s 158 %, 2019 4F U HRL ok
feitik 39.2 J7 e Forh b s f R i EOR S, KA R AR BT, WA e i 2R R, B 24
R ZER 2, KAL A P /b . ARG 7 WA 5T IX 38k 36 37 Bl A5 BRI A 3 Al I, 28 A H o fb i
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WG RGBT 0 b X 28 0% Kk BRI R, B8 T 20 RULA K FE37, T 2018—2020 4F[a] X
KAR Z A HEAT PM, s R AE R AR, HorP 2018 4F 11 2. 2019 4F 4 52| 2020 4F 5 5K, >R FE i [6] A 4 4F
T—10 H, RAE 25 8]0 A5 M W B 37 an i 1 fis.

N
A

N A
Tianjify
A

u FRHER
Sampling point

0 50100 200 km
1

(@) MU 722 1) A3 A (o) KA ZE T
Spatial distribution of sampling points I Erémation works

B 1 SRAE M A ) 53 A S I B 4
Fig.1 Spatial distribution of sampling points and monitoring site

KACG TN — AT ECE KABHL, He A S LB e S 1 8522, fEis AT i 7 vh B aod RETT & A WL AL
AW NIRBEIRDL, TFAL 5 3 AR ~GR B, A IO 4 18] N AR, I B4 BR824 1) N kL
Y B, HEBUKF 538 10 AT BN SRR KA G
1.2 SRR Tk

K H PM,o/PM, s WU HE S8 ol SR AR A (75 1 40 ) AT DU R A, BEEL R AR K 45—60 min. K
FEJ5 A B 5 3% 23 B AL (IC, Dionex 600, USA) 7341 PM, s A it FR B TEALK I MBS 7. R T Rk
I L JRRR A 45 S TR - T R 5 O6i% A (ICP-AES, SPECTRO Analytical Instruments GmbH, SPECTRO
ARCOS EOP) #4770 #r, KA/ HT T i 1 .

R R MOk

Table 1 Sampling instrument and method

25 ik &
Category Methods Instrument
PM, s AR R IRRER A | T PM,o/PM, s S AU o R 2 (5 B 1L )
KR R IER R BT G5 (IC, Dionex 600, USA)
SRR AT R IR RER A | PR 5 55 B - S R SHOERHYL (ICP-AES, SPECTRO
AL SEBG T Analytical Instruments GmbH, SPECTRO ARCOS EOP)

SR B RS o R S 5 5 T S, X6 S O R A T AR A SRR X RAE AT AL B, DL EBR G
TR ZE TPk P R A e R AR AR B b AT 4 hJke, TR R IS 600°C, AR FE FETH IR
FarOFAE 24 he b FR IR 2E, T 2 — KOV I B PR E IR 3 YR HCT- 448 F U R R Y
T AT VPR EE . FERAE B A% 42 JEORAE 88 ZOR A T 4R, R ORI ) RAE S5 RS, 0 RS X RA:
A B UIR S A TR, S BUBOIB B, /b SR I A v (R 152 25 . HEZH 43 3 AT s, g A RS AMORA 10 (1) 23
FHSEES, aniE 2 Frw.

1.3 Fgg WP J7 12

K FH 25 B A 5% {7 2 (U.S. Environmental Protection Agency, USEPA ) #fi 77 i) 5 88 5 7 JE 4737411,

USEPA ¥4k 73 30 5 AR BUm W 0T, JTXhH XU (25 733 29,
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OFZERE: L #4600C 4 h, FF7F§24 h
Quartz membrane: muffle furnace 600 ‘C, 4 h, balance box 24h
LR ORI 624 h
Before experiment | Teflon film: balance box for 24 h
QMEFRE:+ 743 2 — K FFR3IRBCEHME
Membrane weighing: 1/100000 balance weighing 3 times to
take the average

ORAEL AR YRR RALLS HG, 8RR TR

Sampling head: wipe with alcohol after each particle sampling
N Loy | | ORERUS: ST BUSCIB R, i) SRt i A2 v iR 22
In experiment Membrane pick and place: use tweezers to pick and place the
filter membrane to reduce errors in the sampling process average

S R ]

Experimental quality control

RS OB 2 R AL AT S0 B RS A T IE AR
Sample analysis Set a blank control group to improve the accuracy of the experiment
and ensure that the experiment is in a normal state

B2 mEEdE
Fig.2 Quality Control Chart

AF 209 AU PE 8 Ao AR g I [R] B N 1Y) 22 8 /K -5 22 2 19157 7l it (Reference Dose, RfD) K 3F
it HE RV 7K - AR E08 XU 1) 1 16 7 (Hazard Quotient, HQ) /A UNF . 24 HQ> 1 i, F/R L& Xt
A AR 2o AR AT 3652, IF HOXUR: AT BE 23 B HQ (B A HE AN T3S s 24 HQ<1 I, W /R 7E m]
I

HQ=ADD/R{D
AUt RID 5% 0 Bt S IET RAD #9585 B 2 5688 MU, ¥ me-(kged) s ADD 42750
JUE F V-1 H 5, mg(kg-d)™.

Flovs IS FH A A 1A 1A B fh 7k 7 00 A T L6 A 114 88 AR 3R . 2 A 9 A XU 1 it (Incremental
Lifetime Cancer risk, ILCR) f& 38 25095 9 5 | 2 094 PR A 3 BB AE A9 XU . X FEUE Y, 4 ILCR<10°°
B, 42 I8t 2 B0E KB/ 2 ILCR 78 1x10°° & 1x107* Z [AlA, 2R 20 WA vl #2524 ILCR Kk
F 1x107 i, F3 1% 808 KB R AT #2532 ILCR HA AT

ILCR = ADD x SF
L, SF#ERPRIA T, BA K (kg-d)'mg™'; ADD $8 B R Zan-F-44 H il &, mg-(kg-d) ™, iHHEAXWT:
ADD = ¢xIRXEFXED/(BW x AT)
A, e RIS YD E, mg-m™; IR FEFFIIR, m*-d™'; EF fURBEEIA, d-a''; ED 45 2 85 722 1 1]
a; BW 81K, kg; AT 45V X 22851 1], d.
EPA #24L% RfD J& EF BUE N 2 FiR.
F2 SHE LR EFERYED
Table 2 Values of RfD and SF

SBITHE 2% e/ (mg-(kg-d) ") BERFF/((kg-d)mg ™)
Metal element Reference metering RfD Slope factor SF
Mn 1.43x107° _
Zn 3.00x10™ —
Cu 4.02x107° —
Sb 1.40x107 —
Pb 3.52x107° 8.50x107
Co 5.71x10°° 9.80
Ni 2.06x107 0.84

Cr 2.86x107° 42.00
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1.4 B XS E0M A S
P T Ak 2R ] P I BsE N B3 2 R IR ) A2, S DA A 00 AN IR B0 XURS:, BRI ik =8 5% Ml A B 3
8 S S HGHE AT IR A SR I I A 0 7 5K, 8 KA ) PML s SRAE B [T, 5% 22 ] 9 Dol A B3 A 1R
TP R ) SR 5 N ) 45 SR S R e AT IS PR A R0 T A, 3 1) HA e A B SR i A g v 4%
T 0L, DAHERR B Ak 2 0] 72 58 A0 HAth 2178 PR 285 35000 S50 A B0 RS . MR 95 18 25 245 R X R 2 2 2R i)
] M B FE R TS AT T A Ak e, Ak 3 R,
x3 BENEIEM AL S

Table 3 Localized exposure risk parameters

REE SR Hufe
Expose parameters Numerical value
IR/(m’*-d™) 16.6
EF/(d-a™) 365
ED/a 30
BW/kg 70
ATEEBUE)/d 365%ED
AT(EU#)/d 36570

2 ZEHR 53508 (Results and discussion)

2.1 KALHEIE] PM, 5 R K-

HRAE K AL AE18] PM, 5 SREESMHT, 755 PM, 5 BV (ULIE] 3a). kb 48] PM, s WK V-2 %
PR3 AR AT SRy | A B TR L R E AT 2 R R R B, (45 PM, s VR B Sl Bl R, VR
0 [k 87—2765 pgrm™, SFHI R E N 470 pgm, 29k CE K 8 A SO0 B AR i) gk B (GB
3095—2012, 24 h FHIBRAA 75 pgm>) 19 6.3 £, &5 fa F N ARAERHE. d TR 4 8 P KA L R A
[, AR G ey 22 Aok, Ho i T Wi ik BeAS ), S 25 W ) 235 SR JiE 22 SR A K

3000 = (a) 3000 — (b)
) - ; .
= PM, 3k = PM s
PM, 5 concentration PM, 5 concentration
2000 | - 2000 |- -
R - - - TR

Average concentration Average concentration

PM, 5 concentration/(jig-m )
PM, 5 concentration/(ug-m ™)

1000 [ 1000 |
]

n " -

pe==-- 1---!---.----'- ------ e Y g --w_ " ____ .
L - nE L] " s "an n

b %, . -, wm=e 1§ b=, T "7 w=,"1%
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
PM, 5 concentration without background subtraction PM, 5 concentration minus background subtraction

B3 AL PM, s KT
Fig.3 PM, ;5 concentration level in cremation workshop
FIEFRAE YK PM, s TR (E0NIREE /AT — 5 T, PRI T RAE 2 R A HI ) PM, 5 T S K
S (4 [ Ik T 25 AU i SE B 2 AR 5, https://air.cneme.cn:18007/) , XFH1IBR PM, 5 15 55 1 BE 7K -9 K Ak 4=
[6] PMy s ¥ /K P- 64T 1 20 A (UL IEL 3b), FERE SHEJE K AL 4 ] PM, 5 We BEVE L 50—2693 pg-m™,
PRI R 410 pgem”, A HEANBRTT SAERTAL FRE T 12.7%. B, #5500 B XS AL 42 8] PM, 5 kB 5200
BN, FUBRTT S5 AP e BE AT B d58 2 U i  ofe g 1 K504
2.2 KALZETH] PM, s 453 HFAE
UKL 1Y) <55 8 T 28 R 3 B AT MERE At R 50 W B A e, ) 0f A8 B T U REPE LA, 51 A
AP AL, KR S T B MR AR A, S TS G A SRR R A 4]
PM, s HKIEVERS T 09 70 B4t R s (UL 4a), 8 FlOKIE TR 7 A F B S BT R VR N 26.9 pg'm™, i 4
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6] PM, 5 449k B 1Y 4.5%. Hid Ca®*, NO*, SO, Hl NH* & K AL 4 0] PM, 5 19 35 5 B 118040, o e vk
AR 7.3, 5, 4.0 L 40 pgem, 4355 E T BB 27.1%., 18.4%. 15.4% F1 15.3%, 1fii CI', K, Na'Fll
Mg T &7 EL /. X KAL) PM, s HEE 42 J8 0 R I e A4l SR R (LI 4b), T 4R e R M s iR g
R 131.2 pgem, 5 48] PM, 5 SR Y 22%. Hi Ca F ALE B RN E SR ICER, FIH R E K E 55
47 pg-m™ 1 24.8 ug-m™, 435l 5 H AR OC R SR Y 35.8% il 18.9%.

o
1
»

60 p

Heavy metal element concentration/(pg-m )

Caz+
NO;3
SO¥
N
Emcr
R K*
[ Na*
=)V

-

Na® Mg Ca Al Na Fe S K Mg  other

(=}
T

401

NN

20+

e
‘00(

27K
050
a9.9.9.

R

T
Q

&

9.4

Concentration of water-soluble ions/(pg-m™)

[l

e

%

kX

Ca®* NO; SO} NHj CI°

Concentration of water-soluble ions in PM; 5 Concentration of metal elements in PM, 5
B4 kAL PM, 5 2H 53 FRAE
Fig.4 Characteristics of PM, 5 components in cremation workshop
2.3 KALE ] PM, 5 45 Jm 22 5 KU PTAN 25 2R
K EPA 75 1) 22 8 XU PPAN AL, 56T S 81 A 4R P 22 i XU 400, X KA 42 18] PM, 5 B4
i 7 AU AT VA G R U, AL 2 8] PM, 5 v HE 42 Jim o) 2 s AR 1) 3 S80088 108 KU 78 7T 452
T HE N, (EATS A B 23 0 3R A AR Eois B0 WU i T T sz i (WL 4).

R4 KACETE] PM, 5 257 KU AN 45
Table 4 Risk Assessment Results of PM, 5 Exposure in Cremation Workshop

-~
e

EmITR B KEHQ BU# K BILCR
Metal element Non-carcinogenic risk Carcinogenic risk
Cu 9.39x10™* _
Mn 5.67 —
Sb 1.39 —
Zn 1.13x107° _
Co 4.21x10™ 1.10x10°°
Cr 3.15 1.62x107°
Ni 3.11x107° 2.31x107
Pb 1.38x1072 1.77x107

FF B AU PEAG 25 2B, K AL 42 18] PM, 5 H HE 4 o0 R Polk A 5L 5 AR S0 KU 7K SF- B s 214K
YR K Mn> Cr> Sb> Co>Pb>Ni>Zn> Cu, H:H" Mn. Cr Fl Sb ${8 K T I B XU {5 1, 2351~
5.67. 3.15 F1 1.39, XF A fAR B A BH I (%) A 208 XUBS: . 78 B0 KU J7 T, Ni A1 Co X Mlb A 5% 7= A= 110 20
DU 76 0] #2252 S BB P (1107 —1x107) , B KBS AE 43514 2.31x107° F1 1.10x10°%, Cr 1) 2508 KU
R 1.62x10°73, AL T AT H23Z A, 1 Pb X & @ AR Y 3508 XU 7T 200 (ILCR << 10°°) . BT, 481 45859 Xf
KA AL X PM, 5 B 4 i 2 582 XU B JFWF T, 45 2] Ni F1 Co 1) ILCR {43 %) 4 8.19x107 £ 3.55x107,
ARMFGE Ni Fll Co 2554 b 4y, AT SR A BUR XU . SZAREAC & | B85 A B 22 30 s ), JRUBS: TP
G5 R EA — 0 ORI 2 M. A, Kok A2 R] i XU N AR B PM, 5 B 4 @ 443, At Y )
VOCs, —FEGEW) B HE 20 A A4 R4 R i) A BRE UGS
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2.4 IR

MR 4E ik KA TH] PM, 5 MR B 7KV B 5 4 i IF I 2 % XUBS TPA 25 2, K AR 22 1] TAE N B 2
5, AETE—E MR B0 AU AU, 0 75 2R U il — 25 3 i 2 SO AL AR 03, B AT Ak 26 ) A
WL HE K - B X AR ) 2 58 ARG . LA it AL 5

(1) s K Ak 2 () T SUHERCSE A B8 15 I o 42 ()i XU/, AR R S B sh D0 22 2 HE IXURS , bR 3
BARM T L PM, 5 S BT RR BEHE S, [R) B i 5ok FH Tl R T AERE S, BRAR i A S A = A i 22 ) S
) B 2 G — I K SR B E B AR B, $27 AN LA E R AT, G il TR EA S5 R A JCH 8%
SHERL, [RS8 5 AT R IR A, BRAIE R 2% 58 b HLELA RS A 3 P, DR K AL 25 18] PM, s HERCH
Ve TAE N B A SR IR B 1 15 5

(2) Jinsi kA5 £ AL IR it 0 2 255 20 eIl 2 B X B e e R v 7 A A TR 4 K A 75 Y W 1 4
RO, T LAAT RORAR TS Y HE . AT — 2 b DX A b 256 8 1) 22 B R AT AR, B TR (e 1 224 % 14y
WAL [ R 3G R A IS AT RS, ST A S AT R AR A8 2 P M, 3 R R A, R IR A

(3) FE AT IR T s o) 2 o5 DX s (RS A0 P05 B, ) A7k A8 B ik il BOR B VRS T Bt = R
B B At T TR R K SR IR A A A KT, 2L 20T JR A XSy B v 9 1 2 TR, AEBOK 43 570k
— 2 SRR R, 25 FE A A 1 A B, D TS G W AR o 0 R R AR e A e 4 4Rk, MRSk |
il TE G 0 e A

3 4518 (Conclusion)

I KA H ] PM, 5 HEBCRAE S T 4 i 2 5 KU PEAG ST, A9 2010 E AR 458 A : (1) KAL4 ]
PM, s W EEAKT48 R, “PXMREE R 470 pg-m>. KT BRI 4@ Jo R - F- 2 S BT BE 405010 26.9 pg'm ™
A1 131.2 pgrm™, i b 4.5% Fl 22%. (2) KAk 4216 PM, s 5 43 J@ 9F 309 KU K 7 B s BRI
Mn> Cr>Sb>Co>Pb>Ni>Zn> Cu, H:H Mn. Cr Fll Sb £ K T I B0 XU 1R & 1, 1 Cr B2 49
i AU 38 i ILCR B 2R 1.62x10°°, A 2ok 1 09 KU W 422 32 BB, 2505 A DG V. (3) 07 38 2 fin 5t 4= 1] G
HAHRZR BB B AL e B2 e 3R A T B, BRI AR ZE ] PML, 5 VR BE7KF-, [ o0 i IXC
SEATRG AN AGAS L, 8 AT MDA BRI S8 A e A R A R, T SR e SR, X KRR
PM, s HEBGHEA TR 8015, DA RRAR X A A4 () A5 T R0 J) 320 A58 1 5 i)
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