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Study on acceptable levels of volatile organic compounds in air and soil gas in
contaminated sites based on Guideline model
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Abstract: The diffusion and migration of volatile organic compounds (VOCs) in contaminated soil into indoor and outdoor
exposure points were mostly simulated by the models recommended by the Risk Assessment Guideline of Contaminated Sites.
However, few studies systematically analyzed the gas concentration predicted by the model. This study calculated the acceptable air
concentrations of 31 VOCs and their corresponding screening levels for soil gas. The results showed the corresponding acceptable
indoor air concentrations (AIACs) of VOCs were 1.6x10°~25 mg/m® under residential land use scenarios, and 2.9x10°~60 mg/m’
under industrial land use scenarios. The AIACs of some VOCs were much lower than the Indoor Air Quality Standard. The soil gas
to indoor air attenuation factors for the 31 VOCs were 1.9x107°~5.6x107° (residential land use), and 8.4x107~2.4x107 (industrial
land use), which were 3~4 orders of magnitude lower than the values recommended by the US EPA. The screening levels of soil gas
considering vapor intrusion were 1.3~5.7x10° mg/m*® (residential land use) and 5.8~3.0x10° mg/m’ (industrial land use), which were
3~4 orders of magnitude higher than the US EPA’s screening levels. Besides, most of the soil gas screening values derived by the
models were over the odor thresholds of the corresponding VOCs. The results of this research could provide a reference for the
derivation of soil gas screening levels and handling of soil gas testing results in VOCs-contaminated sites.

Keywords: contaminated sites; volatile organic compounds (VOCs); risk assessment; vapor intrusion; soil gas;
attenuation factor; odor threshold

CLC number: X353

WisEHEA: 2022-07-30 FHHBEH: 2022-08-26

E4WE: ERESVEIT(2019YFC1805600); I FHTT & 4ERHL BB AA L #I TR (RC200435, RC210411)

TEZ®N: 75 ME(1986—), Lo, Wt MR TG, AFFEJ7 . 15 Yt e XU B 4% . B-mail: suyan@syhky.com

BIEEE: £ 8(1983—), B 4 IEEHR TR, A7 0. 15 b XU 4% . E-mail: wangjian@syhky.com

SIAMEN: M RTE, 2R, 4 ET SRR A S Yub g 2 A I s < B BRENT I ). SRR
2,2023,49(3): 121 — 129.



122 IREE LR R

549 3

YR MEA WLIT W) (volatile organic compounds,
VOCs) J&: {5 Ye e WL 15 9e ), LA —oi i &
15 YL RAFTE, TR 50% 1975 Yt e b i b B bR
QY SEAeE . CEEEMA IS Y
HEL, VOCs S5 % . ikt . HA SRE 4, S8
PR VAL 1B E S R A 4 A0 B AR X B 2 TR
B AT Y M H R 5 RAE R A X s N i, (R HER
35 I A P b A 05 Y KU A 45 bRt G4 T) : GB
36600—2018 )5 HLAE (1) 45 A~ FeAT H A5 27 Ff
i VOCs, VT Z E &% 151 %H5 YLt VOCs il
TE T VR TTAL 5 XU 2 Tl B A F pi kS 0

XFF VOCs kut, A HEh R AR NS
(A =AY FOU Y, Zoha R (L)Y I =
Az B P 5 R A A R e A AR R R R AR T
B MR CFESNR”, BTz R AR, FRE
5 YL MRS DA S U R J&E B (LR AR
RN )X VOCs I EHET R 2 IR £
BRI TERER AR A G BT RN, H
FEEARHENE . S EAIE T3 VOCs 7 +3
KSR E =M A 43 B e 1) 2R ST, HL 208 T
VOCs [n] bl & A= i B | 2 W) e SR I, =
SRR TG 5 S ME A AR R 22 5, R
A7 R H DED FEL | B8 i A= 1y B A 455 750 ol T e
S IR T TR 48 VOCs (AU PR 19,

J3— L BR T 2015 4Edb Rt & A T 15 F VOCs
) 1A R (R AP, TR i T 4 TR TS e bk 1
B, VOCs i BB A HLIET75 e bl A A i
U TAG S 2 Y 28 ARV/FHE .+ VOCs ik (A
S EATE NSNS A EARME. VOCs Rk
5 o b o R L (E 38 AN 2 B, 3R S L Bk
VOCs [ R PPAG B A Z 1A R S 28 )P,

SO LT RS, S AN [ FH b s KU
A2 RE XV A28 K VOCs ARk .+
ik PR 7 e + 385, VOCs ik (i, 530 2 S it
PR . EPA AHOCTRE(E . ML (EHEAT LA, LUBIXT
5 35 30 [ 75 e e £ 8 VOCs KUK PEAS 2 AR AK &
LS

1 MRFAE

1.1 HRMH

ARSI G by A A9 B 55 o A A
5587 g XU AR ME G4 T ) : GB 36600—2018 )
R (s FH b A 598 ¥ g% XURS: TEAG 2 R 5 0. HI
25.3—2019 )1 ¥ K (1% FL T A5 N5 B (I 114 95 % e B
W W, VOCs, H31 31 Fr, W3R 1, VOCs MUEIER A
H A8 A Hpu DG AFSE Y K 56 ) e 5% T2 A
5% i PubChem %45 2%, EPA JE A3 FH b A T/
s SRR H EPA DX BE(E ™.

&1 AHRIEEA VOCs

Table 1 VOCs selected in the study
5 A, CAs T e u® i mg

1 PR 67-64-1 3.2x10! 1.4x10? 1.2x10%
2 S 71-43-2 3.6x10™ 1.6x107 8.6

3 SiES 108-88-3 52 2.2x10' 121

4 LK 100-41-4 1.1x107 4.9x107 7.4x107
5 XoF R 106-42-3 1.0x10™" 4.4x107" 2.5x107"
6 ] 2 108-38-3 1.0x10™ 4.4x10™ 1.8x107"
7 KPS 95-47-6 1.0x10™" 4.4x10" 1.6°

8 — IR AP 75-27-4 7.6x10°° 3.3x10°* 1.7x10°
9 1,2- P e 106-93-4 4.7x10°° 2.0x10°° 7.7%10' *
10 IR 56-23-5 47x10™ 2.0x107 2.9x10' f
11 AR 108-90-7 5.2x107 2.2x10™ 9.8x107"*
12 = 67-66-3 1.2x10™* 5.3x10™ 1.9x10'
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13 A 74-87-3 9.4x1072 3.9x10™ 2.1x10'*
14 1,4- 50K 106-46-7 2.6x107 1.1x10° 7.2x107 4
15 1,2- 50K 95-50-1 2.1x10™ 8.8x10™ 1.8%

16 L1- & K 75-34-3 1.8x10° 7.7%107 4.8x10°
17 1,2- 5Lk 107-06-2 1.1x107™* 4.7x10™ 2.4x10'*
18 L1- &M 75-35-4 2.1x10™ 8.8x10™ 2.0x10° ¢
19 1,2-RA-ZA L 156-60-5 42x107 1.8x107 3.4x107"7
20 A 75-09-2 1.0x10™" 12 5.6x10° 1
21 1,2- ke 78-87-5 7.6x10° 3.3x10°7 1.3%

22 il 98-95-3 7.0x10°° 3.1x107* 2.4x1072%
23 RN 100-42-5 4.4 2.1x107¢
24 1,1,2,2-TU58. 2 4% 79-34-5 4.8x107° 2.1x10™ 1.0x10'*
25 I e Wb 127-18-4 1.1x107 4.7x107 521

26 =R 79-01-6 4.8x10 3.0x107 2.1x10'f
27 AL 75-01-4 1.7x10°* 2.8x107 2.6x10' ¢
28 1,2,3- =508 % 96-18-4 3.1x10* 1.3x10° 6.0x10° ¢
29 L1L1-=5 Ok 71-55-6 2.2x10' 8.7x10'
30 L12-=& Lk 79-00-5 1.8x107 7.7x107 2.7%

31 ES 91-20-3 8.3x107 3.6x10™ 2.0x107" 7
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Table 2 Model parameters

SRS SRR LA S — 2 FH b A 5 2R FH b I

L TR R cm 50 50

A 15 YL IR X AR cm? 16000000 16000000

Db T grem”? 1.5 1.5

P, THESKR gg! 0.2 0.2

De - g % g-cm’ 2.65 2.65

Uy TRA XA i R cm-s™ 200 200

Ouir TR X cm 200 200

w 15 YR IX ST cm 4000 4000
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RIS SRR L&D S b 5 2 b U
r LRI A SRR et 0.26 0.26
O earck IR KRR L JeiN 0.12 0.12
Lerack N ILE cm 35 35
Ly ENE RGBT RYABRZ T cm 220 300
ER ES RS SR wd! 12 20
n b HE AN PR R T AR 7 LG B T 0.0005 0.0005
ED, N3 a 24 25
ED, JLE R a 6 -
EFI, IDUNELAEr S8R S da’ 262.5 187.5
EFI, JLEER NRBIR da’ 262.5 —
EFO, RN ZE SRR da’ 87.5 62.5
EFO, JLERIMRBR da’ 87.5 —
BW, NS SNy kg 61.8 61.8
BW, JLE PR E kg 19.2 —
DAIR, BN H 23 SO i md! 145 14.5
DAIR, JLE R H 25 S m’-d” 75 —
SAF b T LIRS R B ) T 0.33 0.33
AT, ORI F-2 0 ) d 27740 27740
AT E[ESeryea Salinyli d 2190 9125

nc
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DAIR, X EFO, XED, DAIR, x EFO, X ED,
Rcoutl = cout X X SFI
BW, x AT,, BW, x AT,, )
DAIR, x EFO, X ED, 1 i ] .
Rucom = Con X =g A X RiD xSAF > RIDA VOCs IFRIRAZH 4k, mg/(ke-d)-
R DAIR, x EFO, XED, SF 3)
couz = Cout X BWaXATca X i ﬁm%\ﬁpjkﬁ&m%\
R s DAIR, X EFO, X ED, 1 W
neou2 = Cout BW, X AT,, RID, x SAF

;T;tl:Fl: Comﬂff%ﬁh%ﬁ%)ﬁ%%ﬁ” VOCS ?&E’ mg.mﬂ;
SF ) VOCs W% % A S50 2 % 1 F, (kg-d)/mg s
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wcinl = Cin BW, AT, RID, X SAF BW, x AT, RfD, x SAF
K, o NE N REE ST VOCs K IE, mg/m’,
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WA VOCs Wk, IR NEAE N E NI R
VOCs B R VU FE, 28 31C M cou-sin Cout-san Cin- i F11
Cin-os SRR — KA St T R4 R E
KSR T b B K ER T ENE
A R R T N VPR, mg/m?’,
123 XEALEN, TREELTARANX
AR VOCs W H A4 BNRE RS
VOCs HIERIK AR, WA (9~ 10):
Cout = Csg X VFqy 9)

CiHZCSgXVFin (10)
K e, b HES P VOCs ¥ &, mg/m®; VF,,.
VF, 5350 VOCs N HIES B ZI SR ENER
F A, TER .
HRYESCHR [13], VFous VFa, (11~ 19):

1

VFy= ———"7—7"—""—— an
DF., x L,
1+ it
1
VFin =
Deff DEff X Lcrack DFia
1+ . +— X X L
DF XL, D XxL;xn) D
(12
. 93.33 3.33
D =D ,x 2 4+D, x —= (13)
: 6 H X6

p=1-2 (14)

Ps

X Py,

0,y =22 (15)

P
Hasze_ews (16)

3.33 3.33
Deff . — Da acrack N X werack
e (Gacrack + ewcrack)z H % (aacrack + Gwcrack)z
QYD)
Uair X W X 6air

DF,= —— (18

A
DF,, = Lg X ER X ! (19>

o 86400

o DHIDET A3k 14 | bR R R TS
YA S B R B, cm¥s; D, FID, S350k 75 YL
RS KT R EL, em?/s; gl o 4= Fl
HHL 0. 0,80, 5 AR )7 - g8 SALBRA
AL FLBKARFR LN ZS SRR L, TCREAN; oo 7K
% JE (1 glem’); DF,,, DF;, 24 Hha]22 &5 HAl 2500
MWL 2,

1.3 TESHEEES
AN SR A SRR (E, Wa(20 ~ 23):

Csg-out-s1 = Couts1/ VFoursi 0)
Csg-out-s2 = Cour-s2/ VFours2 QD
Csginst = Cinst/ VBinsi 22>
Csgein-s2 = Cin-s2/ VFin2 (23)

ﬁ ':P: Csg-out-sIn Csgout-s2~ Csg-in-si~ ng.in-széj\%”jj %#%FH
Mol s A AL R = T EA A
R R T ENE R B RNE R TS
PN 23 SR B SRR FE X 0 1Y - S (EL, mg/m?’,
VFqusis VEouio VEu o FIVE, o205 0588 — 2 L (R
Bk s1) ., BB M AR s2) 16 & T HIEA-E
IS CFFRHA out) A1 HIER-ENZEK(TFRHN in)
AT
1.4 EESH

MR SCRR [13], F 2R SO U L3k 2.
12- ORI SR TSR A SOk [24], H
s Ry 28 RSOk A SR [13].
1.5 SHERESH

ANl A 50R L AN RI S E00 T -3 Si A
F-(VF o\ VF,) P20 R F S50 SUsA: L8] (SR)
FAE, WA (24):

SR X=X

X, x10%
Ao xR 2 RS R AN T, X
B SRR 10% JE T AR B w1
1.6 HELE

AT A A 2R F Microsoft Excel 2019
(OEM hif0) o

2 ZREWE

21 BRAWRE

SRS SRR, VOCs MR
T8 7 A R N A e R XS 8 38 AT 42232 B 1 (B0 XL
B 10 s EEERON DR, AR RN, Eoh
VPRI, W 1A 2. 31 Ff' VOCS i co
Cinsi~ Cous2 MCin Z3HIH 1.6x107° ~ 25, 5.2x10° ~8.5 |
2.9x107° ~ 60 1 9.8x10° ~ 20 mg/m’, A [d] VOCs
UV AN ] R R A AR TR

x 100% (24)
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Fig. 1 Permissible concentrations of VOCs in outdoor
and indoor air under sensitive land use scenarios
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Fig. 2 Permissible concentrations of VOCs in outdoor

and indoor air under non-sensitive land use scenarios
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Fig. 3 The soil gas attenuation factors of different VOCs
through model calculation
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Fig. 6 Effects of different parameters on soil air

attenuation factors
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Table 3 Sensitivity ratio of soil air-outdoor
air attenuation factors to 31 VOCs %o
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Table 4 Sensitivity ratio of soil air-indoor air

teBlgeit

attenuation factors to 31 VOCs
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SR T f/MEL 25% 0 (iR TR 75% (R ROk

TR T f/ME 25% 3080 TP 75% 8 BokiE

A 100 100 100 100 100
U -91 -91 -91 -91 -91
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Py ~156 -142  -120 -87 12
Ps 307 1301 1338 1351 1357
P, -569 —565 -557 -535 66

Ly -6 -1 -1 -1 -1
P -156 -142 -120 -87 12
Ps 5 5 6 7 18
P, -16 -13 -12 -11 4
Ly -91 -91 -91 -91 -91
ER -91 -91 -91 -91 -91
Lerack -90 —-90 -90 —-90 86
n 93 99 99 99 99
Onerack  —145 89 152 180 195
Ocarck —-58 -53 —43 -22 55
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