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Abstract In order to understand the characteristics of indoor air pollution of newly renovated
houses in Baoding city and its impact on human health, this study collected environmental air
samples from 79 residential rooms and offices within six months after renovation in Baoding City
from 2018 to 2020, and analyzed the contents of formaldehyde, TVOC and benzene series. The
health risks of formaldehyde exposured to adults were assessed. The results showed that the air
pollution of newly decorated indoor environment in Baoding was widespread and serious, and
formaldehyde and TVOC were the main pollutants in residential rooms, while formaldehyde, TVOC
and benzene series were the main pollutants in office buildings. Indoor formaldehyde concentration

was mainly distributed in the range of 0.10—0.15 mg-m™. Indoor TVOC concentration was mainly
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distributed in the range of 0.60—0.90 mg-m~. The results of health risk assessment showed that
adults in Baoding had a high risk of cancer due to formaldehyde respiratory exposure in the indoor
air of residential decoration. Formaldehyde respiratory exposure in the air of indoor decoration
environment in office places has a potential carcinogenic risk for adults, and in the same
environment, adult males are more exposed to formaldehyde carcinogenic risk through respiratory
pathway than females. The results of sensitive analysis showed that formaldehyde concentration in
ambient air and respiration rate had great influence on the risk assessment results.

Keywords interior decoration, air pollution, formaldehyde, TVOC, Monte Carlo simulation.
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IR b, A b BRI 3 i B 25 AT LRI B i S XU R AT A3 A PP, A DG 38 P PR 25 0T L g
RN 58 55 22 (1) 2 B 1 55 [ PR R 2 00 B0 XU RS B R AT 1382 4 SR SEBR IGO0 T, i B iy
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1 MRLE )7 (Materials and methods)

1.1 FERCRES S

1E 2018 4F 4 H | 2020 47 1 F MATR], S BUORE T T 58 5 IX (S8 75 X 2 X, W3l XL i 20 XORITAR
KX FE BN B 79 A Hb i 3 302 A 55 [ HEAT T 2 IN RS 28 SRR AR ISR AR . SRABE I s o0 A 2 Ji =
NGRS, bR m s R 65 71, REELLE T MIEMNE 0 3=, 15 218 I RAE AT AT LI AT
INVABER T, HRAE 14 71, 405 84 S RAE .

it BV R ACRAE A8 (QC-2B, AUt T 55 h AR 47 91 ) tHE A 725 A0 it 2R 48 (L — % 2 i 1y 3590
WO SR B T TS, ) — BB TE 3 P R A SR AR R WA TVOC), %256 B B Y5 0.1—1.2 L-min™'; it
PR R +5%; FE TG FIN 1—99 min; 5 522 +0.1%. 8 I 2483 66 RETTH(TU1810, AL 5THEAY) 20 #F
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23 SRR B R A R AR U K T B 190—1100 nmy; I K HEH M +0.3 nm. i A0R (5535 4X
(GC-2014C, HA ) /i ZY)F TVOC & &

FE SRR 5 M i I8 (N 2 R AR fE ) (GB/T18883-2002 Fff s AL Bff 5% B)© iR 5. Ky
PRUEAE SRR S W iEaf, RAEET, A 52 118 A 220 12 hy Rffds B 713 AR MR A A A
HE, FUCRAEE ARSI 1 A2 ARG SRR, RAEESRZASAE B HTE 1.5 m 19 =48 b, DUTE 1 m
NI A PR 5 4 R R IA] R 20 min, 3N 0.5 Lomin ', SRAEJS, FESEEIRAE, S Blia 1526 = %
FARATE, ELZEFE S AT, S0 M B vh H AT TVOC YR o il 28 4 J8) T f— VR LABRIIE 70 B kS 3 S o
1.2 R RS PP 5 1

P i 25 2 PN 2 AT G TSl ot B R A . P 0 46 5 R R e A N AR T G £ R A1 3 (L BUR M S
TSR A FE ), Hr PR R i a6 0 FE B AR, R S 0 M ) BT A4 R B0
JAUBS: (CR) AT FH LR 2 A7 At 30,

CR = (CA X IR x ET X EF X ED x SF)/(BW x LT) &P
K, CR M B KB CA 2 S TG PR (mg -m ™) 5 IR A IFIE R (m*h ') BT Ay 2 58 i 1]
(h-d"); EF HEEEMWH(d - a'); ED AR E LT H] (a); SF R BUERPRE T BW MK HE (kg); LT 4
ZERTR](d).

B BEUEITT . CA Sy S5 0] A S v B, SRR 25000 . 38 B AR 38 v 5 AR R B TR 2
=00, ] BEE 22918 0.796 m*-h™' 1 0.589 m*-h!, F/IME 5N 0.477 m*-h' 1 0.349 m*h', &%
KAB 5124 0.945 m*-h' Fl110.709 m?-h 00200 figt B XU PF- i AiF 98 0 92 A DR T AR B, ZEAS [R] 47 0 i)
ET JoAUEE I , e BT b 4 i A H v A B Ve 5 AR o fE A 2 Jm %19 ET, 4390028 19.83 h-d ™' i
20.15 h-d"C R [ PE BICEERY LT 248 25550 dP2, fr DL ASAE N BEFE4E 2 8 2= 1) ED 4 52 a, EF &4
365 d-a'. W kA W T N F o AR N BETE I A 3 B B9 ET. EF Fl ED 433l 7 8 hea '™, 250 d-a™'™1 Al
40 a®) & E AR B S AR LM BW B R IER AR, 51 R (62.7£6.3) kgl (54.4+4.9) kg™,
IRIS %4 72 n] 1, H Y SF A 0. 046 kg-d '-mg '™,

R XU 0 BT o B2 TR AR AR VT 22 AN 2 P, 3 Bk S iff o 1 1 DR 3R A4 PRI A o v 4 75 G vk
I BRSO I R N A 22 5 4, ok S[R3 2 o 0 B 45 S 11 B S M el A [ R ) 2 g 1O,
Ve —Feis AT E PR AT 7 v, S RO BAUAE B . 0% . A48 &l iz i L B A&
— MR A A 1 K BEMLEOE Ry 2 5 AR RLSKR Y H bR AR S W MESR o3 A, AT IR A i A S B0 B 25
R LEG M L AR E5 R Ge T HRRIERY . 5 iR — (5 A H, SRR R T DL R G b B A
PR DRURS: PR 2R (AN e, LS R oA o 2 7 IXUSS: T TRT R 52 i, DARE SR 53 A i TR 28 B ke e,
I, AN FH SRR B 23 A J 2 P9 25 0T G A e RIS P-4k e 7 v A A 12

2 25 545718 (Results and discussion)

2.1 FENERIG YY) BRI R

PRETH E NS I YRR 1 . N3 1 T RLE B, Frks e =2 Ja 25 ) 2 228 K05 Y ) 1 °F-
e B N . FRRE (0.144+0.078 ) mg-m ™, 2 (0.006+0.019) mg-m™, F1 2 (0.056+0.179) mg-m™>, —HI
(0.120£0.553) mg-m~, TVOC(0.843+0.904) mg-m>. HH, & JT 23 535 Ye Wy 10 S 15 Jo ok 8 oy B
( 0.138+0.062) mg:m>, 7 ( 0.003+0.009) mg:m>, H Z& ( 0.062£0.214) mg-m>, — H 7 ( 0.082+
0.201) mg'm~, TVOC( 0.709+0.382) mg-m*; kb % 25 S V5 Y W) 09 ~F 34 B & Wk B . B 8 ( 0.146+
0.086) mg-m>, 7 ( 0.008+0.023) mg'm>, H %% (0.057+0.167) mg-m>, — H 7K ( 0.143+£0.666) mg-m>,
TVOC( 0.912+1.069) mg-m™>. Jp 28 37 fr £ B % N 25 35 Y 0 1) F 2 0 &8 ok % k- /I (0.098+
0.056) mg-m>, 7K (0.065£0.062) mg-m>, H 7K (0.129+0.122) mg-m>, — F %% ( 0.308+0.335) mg'm,
TVOC(1.652+0.824)mg-m™.
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R BUETT AR G5 8] % N 2 5 B H (mg-m ™) BRI R (%)

Table 1 Average concentration(mg-m™) of indoor air pollutants in different types of rooms and their over-limit ratio(%) in

Baoding City
SR ®IT fip=E fEE=E INAGIT P
Pollutant Living room Bedroom Residence Office National standard
Formfgfhyde 0.138+0.062(78.13%) 0.146+0.068(79.17%) 0.144+0.078(79.45%) 0.098+0.056(40.96% ) 0.10
Be:z:ene 0.003+0.009(0.00%) 0.008+0.023(1.74%) 0.006+0.019(1.14%) 0.065+0.062(13.64%) 0.11
Meth?jtj:nzene 0.062+0.214(9.80%) 0.057+0.167(11.30%) 0.056+0.179(10.34%) 0.129+0.122(18.18%) 0.20
;yi:: 0.082+0.201(17.65%) 0.143+0.666(28.70%) 0.120+£0.553(24.13%) 0.308+0.335(46.97%) 0.20
Tvoc 0.709+0.382(94.12%) 0.912+1.069(91.30%) 0.843+0.904(91.95%) 1.652+0.824(89.39%) 0.60

T R ERRIBIE AN S EnEz (AR ER)

Xf (% N 2s ST LR AE ) (GB/T18883-2002) ) Hiv 4415 YLy i B & B8, 4322 = %5 S Il TVOC 11
S T R PR A T AR, BRI AE S b o B 79.45 % 1 91.95 % FURE S T E ShR HERR A,
AR TS YW 738 o Wk B R AR . %) T H R EERT TVOC [1Y-F- 2 o i vk B o 1 [ R bm e, BT il
FEan 30 78.13 % F1 94.12 % HYREAS L T Shn i BRAEL, AR 5 Ge 9y (%) °F- 12 ot o Tk 32 120 K M s
Fib 2 rh AT TVOC /738 Bt i vk B2 o 1 [ AR, A DUASE &t v 4308 79.17 % i1 91.30 % A
At T E FARAERRAE, FoAT5 e 734 T W B S R AR . I A 2R F TVOC /734 o o
e T FARE, TR IEE S 2 B 46.97 % F1 89.39 % HUEE S T FARE R, HAxTs e
Wy V-2 Jo e v B A B AR . ORI Y T LA 1 Y Wy 1) S 14 Jo e R R R e R A v PR, {HL T
KA S FR AT A A ) LA O ARE R AR, JErP 13,64 % AR SRS 8 A8 AR, 18.18 % ARAE RGN P 4
EEBR, T 46.97 % WAE SR Y — F AR IX 2L 45 SRR WOk g i 28 N 25 005 Je b TEE A TVOC 1975
YUl 38 i A7 AE HT5 Yo il o, iR . HOR | ZHUORSER ZYTS 2 A TIVA .

XF LR T AR 2 TR = AP A T TS N 2SR5 GG LR I, R WD X I 32 8228 005 Ye P 2
P& F1 TVOC, {HINA I I % N 23 b i B I AR LA 2 8 = B AR AR, TR FEOR . HOR AR R
B A . AT 2 R R A T e TS R ERM B A I BRI ER . ENARERZ /D,
N AU DL S I NS T R AR s . R SR ORI T S M R R AN b B S ) o HH A
TERTRH. I 3 T PR T s 238 A X 0 1 1) Dt PR RT B2 22 B0 A 3 BT S A 2 T B, et dd okt b, HL
NI s BRI 3 R, A R A B . Ak, BN R R Y R EORIE T L IR B SR,
Herp 2R R [ Y AR R BRI 7= S R SR S A L, A 3 T B R R = 0T RE R RN A
JIT NTEXT 4T ERAIL A B R 7= s iy A FH A 22

55 1 N H A T AR L, PR T T N Y s T R A A R T IR A ek T, A M
(56.10 %)), ¥ 11 (52.20 %)=, Jb5T(50.80 %)M, L (25.80 %), K F(20.00 % ). X Fj 22 S5 PEAR AT
AE 5 45 MU [A] A S R BT . KU 2T 15 L 248 XURS DL B AT SRR R S0, [R] B, 45 i 3 bt 3
Fe tiipe B AR BT it mT R AE AT 25 57, Xt T BB R SO0 T A 2 = N 10 25 <0 I R PR R 1 23 i 5
) JE R 22—,
2.2 IS E) AN ZE0 E N AS S Gtk B 5

R T AN 2R & N PR A AR TS OO, K A & e s R R s i T S TVOC 575 444
R B R AR Ay AT T 20, Z5 58 LI 1 B 1 AT Y, 2019 48 1 H—12 A e T = AR 2
A v TR A P Xk B A B TE AR . (0.100+£0.026) mgm™, TG AKX 4E . (0.091+0.043) mg'm .
(0.165+0.072) mg-m™>, (0.142+0.021) mg'm~>, ( 0.168+0.065) mg'm™, ( 0.155+0.064) mg-m>, ( 0.158+
0.057) mg'm~, (0.117+0.036) mg-m>, (0.084+0.028) mg:m~, (0.087+0.029) mg-m™>. HHF 6 I~ H 1y H
g Y- 387 Joi i YR 2 o R A v PR, 3K 8 ) A S AR 1Y 5—10 H . X 202 5 08 8 T A9 Hb B A7 B FN S
ERFIEA . ARSI, TR 5 H B A0 48 & 2 W38 (W IE A 567N, 5—10 H A 1l AT AH B H A H 03 8%
1o, B N BB SRR R b R e K, HLX LA H AR LA T 0 B AR VD870, DT 38 1 R R vk
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Fig.1 Scatter chart of indoor ambient air pollutant concentration in Baoding city in each month
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Fig.2 Frequency distribution histogram of indoor ambient air pollutant concentration in Baoding city

2019 4F 1 H —12 A A T = N3 B 25 S0 TVOC 1 - 35 1k B8 20 3 ok J6 %08l . (0.709+
0.162) mg-m>, JoEHE . (0.567+0.268) mg-m™>, (0.576+0.400) mg'm >, (0.636+0.237) mg-m>, (1.113+
0.473) mgm>, ( 0.840+0.422) mg:m>, ( 0.879+0.535) mg:m>, ( 0.668+0.043) mg:m>, ( 0.539+
0.276)mg-m>, (0.4750.117)mg'm>. Z4FE2 H. 6 H.7H. 8 H.9 A. 10 A TVOC V) i it ¥ i #H
1t FEZbRAERRAE. Hrp 7 AL 8 AL 9 A3 4~ H TVOC 34 i e B e 5. il T TVOC FBT AL A
Z& NP HL, 1 TR PR 15 2 8 I 2 A A R AN B TVOC AR i R, 7—9 A AR @ T IR A AR v
TVOC MBI R A NP, H I R 5 B B Al 25 08, 4 SCHH 1] B -5 35028 SO g St Ik 3 408 ]
AESZIX 3 H TVOC ¥ B i = i SRR, 55 A0, DN TVOC ¥ BEM RS 43 A 1 DL (1] 2) Sk, EIN IR AR
H TVOC Jit it W B 73 A 75 (0.60—0.90) mg-m > 315 [l A A B A OB, o REARS B 1Y) 57.319%, U &
WHTRAE IR TVOC 95 G [a) @i ik 777, 15 | A AR EL AL

XTI S TVOC £ A Bk BEE ApRifE 22 a0, SR EETE 5 H 2 10 A B2 M A&, S AR
10 48 - 449 Jo 52 vie 85 100 s o g 22 23 A6 16 0.021—0.072 JE BBl N, Wk JE M fi i e s TVOC R 7 1 &
9 A =AHESR R, X 3 & A IR B AR R 25 53 A 7E 0.422 —0.535 Ju [ N, Wk BE (4
S EARHER TVOC Yk BE sl 0 5 1B 2 IEAH DGO &R Y, (HIEAH L TVOC T 7, H i 5 315
T E B AR DG T S 25 U117, 3 AT BB 3 BUR R & 19 JLAS H v F RV 2 43 A L TVOC Y B2 43 A1 AR
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FE RN Z —. L, BB 5E IR, LR T A34F H B 5 TVOC R BEHGR 1LAN H, a1 A i fe] A
1, AR FEE BRI EE N B TVOC 75 B0 A A A FE 52 ).
2.3 BRI TR 00 A FRE XU DA

M1 3% 1 Rl fEOR G2 A [F] 37 BT 1) 38 9 25 OB v, TR R TVOC 1Y 5 G 75 J3E AR X 5, H
TVOC 2R Gy, Hoxh NSt e A T A BUR RN 7~ B ATk FUE , 87 I JC il A WA KU AR R g 47
il R XUBS PPA . PRI X 2 A A T DR TR R A8 4 P9 2 AP v L7 A o 110 Y IR A i B XL B, 3
i, HAPAG &5 R UL 3.
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Fig.3 Inhalation incremental lifetime cancer risk for adult exposure to formaldehyde from different indoor air in Baoding
(a) Male cancer risk in residential areas (b) female cancer risk in residential areas (c) male cancer risk in workplace areas (d) Female cancer risk

in workplace areas
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g KU -S4 20 51 1.40x107° F11.01x10°7°. F 88 T I 3 BT 28 P R B 2 A0 I 1) 38008 XU, SF- Y (i
G390 R 1.69x107 F 1.44x 107, M 4fs 9 = FRBE R 47 2 B A C A2, 24 CR<107° I 3¢ B S0 AU N BH 12 ;
M4 10 °<CR<10"* i 2 WA W AE A B0 AU 5 >4 CR>107* B D 282 B S0 XU AR 3 L PPAG 45 S e W, PR
T 8 = N RAE B i CREIE KT 107, R T 8 = B IR BT 2 AP P 2 # iR 12
XoF AT N LA AR 1 0 B0 KBS . I A 3 BT 2 N AR B L ) CREARTE 107 ih 2, R E T IMA T
5 PR AB PRI 25 AR R I WA A 7 %o A N LA VS A 00 AR

Xof L FE P LA T & B, D BRI . MR ZERH L BRI, BERH SN R R N AR ARG
T S0 XU - S48 23 1 R 5.12%1074, 1.73x1074, 1.96x107, 5.36x10*, 6.83x107*, 6.05x10% ¥, 1] Il fi
FE T T2 % P BAB PR T 25 A3 H T IO I % A A48 6 B0 A N 1) 800 XU D0y 7. g Tl /A 3 3 o R R 38
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2.69x107°—9.89x10° A~ 25100 P4 22 7 F1. 248 /4 T 37 i F R 00088 U Ry 1.73%10°—1.25% 107 ANZEH, ] I,
PRAE T INA I BT 28 N 2B IR0 4 A3 I NP 0 5 88 32 A0 X A N 118 W 7 0008 XS 5 255 RS T AR A EE L
A3 T, P B A8 2 PN BRI FF 8 25 8 1) 800 DA, 85 v 1) DA IR T 8 5 45 A T AS ) 1 28 0% K /KO- |
BN SRS R A O 2 PR TR R AR TRV SR T« AS () bt X4 R 1 e SR XU AT, LA v i
14 7 i XU AR B, DT A % e b AR A 5

3 SRR B AR (R U BT R (B 4), MR REE R E NI ZINVAT TN, X CR 45552 0 i
RIS HOZ CA, L RIIRIE 2 S () R VR 32 . L DT Rk 3 A8 J2 0 A B M 2 2, #R I T 80 %.
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Fig.4 Sensitivity analysis of formaldehyde carcinogenic risk assessment parameters in Baoding indoor air

3 %5 1 (Conclusion)
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mr.
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TVOC R &, AT E WA ST 4 LR EE . TVOC FIUR R0 £
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