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Abstract ; Industrial chemicals are widely distributed in environmental compartments through various transporta-
tion and transformation processes. Governments have promulgated corresponding policies and regulations to con-
trol chemicals. In addition to the corresponding pre-regulatory means, an effective approach using fugacity-based

models was applied to describe multimedia environmental distribution and fate of chemicals, and subsequently to
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incorporate toxicity information to assess the likelihood of risk, which can help the most regulatory effort to be

focused on those chemicals that pose the highest risk to health or the environment. This article reviewed the evo-

lution of fugacity concept and method, fugacity-based environmental models, modeling simulation process, as

well as application verification. We hope to provide necessary information for researchers to better understand the

benefit and challenge of environmental fugacity models, to develop more vigorous and effective measures for

chemical exposure and risk assessment in China.
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Table 1 Comparison of parameters and characteristics of four levels fugacity model
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Model level Equilibrium condition System characteristic Input parameters Output parameters
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| B Equilibrium partitioning Conservation of mass,

Level | under steady state, no material inflows and
non-flowing state losses from the system,
equilibrium partitioning
between phases
RGeS
B 13 L B e i ik
Fads P RS Wy AR A ) i @Hifﬁr
% Equilibrium partitioning ~ Chemicals are continuously
Level I under steady state, discharged and achieve
flowing state a steady state condition;
degradation and advection
are the loss processes
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Physical-chemical properties,
environmental properties,

total amount of chemicals
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chemical input rates,

inflow concentrations
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Physical-chemical properties,
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Fig. 1

Simulation of the environmental distribution and fate of benzo[a]pyrene in

Newfoundland, Canada, based on ChemCAN model
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PR IX ) 2 B5 FE P AR AY . SimpleTreat [FAE 2L T
Level I 01 3% 5 ME & I ¢, A 4809y I 7 A2 28 3R
M s AR K A B R R L R,
FEF- YR AR RS AR YA TR, VK
AP R G Sy R 7S AR TR JUAR B AL 1 3
SimpleTreat JUFERIAY, BIAUMEE MR A R R A TR
B A YRR R R AV AR S KRN
(OECD)A:= ¥y fi v 1 56 Jy 1 A5 3, SimpleTreat
4.0 BEEUCH P SEHET 3 # OECD ik &#51™, 3.0
AR I T A 30 V5 K T B BEAEL SR Y 4.0 A h
AT Tl 5K B I S48, I AT DAAS L 2 - Y
W) B R E TG P T, Struijs S5 1R FE R
Tl 757K B9 4= 46 75 4812 (biochemical oxygen demand,
BOD)-5 7K 7115 84 i} [] (hydraulic retention time, HRT)
AR R KR, (B 38 8 T T BTG K BOD 5 HRT
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K, Tl 57K k, (BRI RGN 10 C, HAR ARy Ji
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2.3.1 FISH MODEL

FISH B X B — A ALY AR ) o S A
T AR T S R K TR B TR ORL S 4, LA
KAOARFR Reli & el R R R R A Y K
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S YR e B IR IR AR B R S L
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2.3.2 FOOD WEB
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(B P ) SRR A1 T Ui AR R 1 i 5 KRR AR
6], Er e (B )8 G A% 38 B TCHHE S ) /i %
B HON B R A TR AR 458 TR O Hh R B K
AP ERBORIE B R A0 0 = A AL ) AR
PUZRIE 8 B A= PR 0 & N, A6 H AR 5%
AR T e S A 5 (iR 2 A
I 9 AN

*3 EMRHEXIE STPs A Xtk
Table 3 Comparison of common specific compartment STPs models
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Simulation Simulation o o
Model name Model level Output parameters Application scope Application cases
of structure of process
A B REESM JUB STP 120 Fh
3 Xkt (R R A7 Az 57K AL IRl DG
+H
STP Level Il 3 Fluxes between media, Activated Municipal Fate simulation of 20
-box
concentration distributions, sludge process wastewater chemicals in typical sewage
removal pathways treatment plants®®”!
FINDE iR JLY STP 43 T2y
o 5 WA BB s B ihtEiness: TSR Tl K [EFETErG
H
SimpleTreat  Level Ill 9:b Fluxes between media, Activated Municipal wastewater, Fate simulation of 43
-box

concentration distributions,

removal pathways

sludge process

industrial wastewater pharmaceuticals in

typical sewage treatment plants*’)
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Factor RAF
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Fig. 4 Structural diagram of the Risk Assessment
Identification and Ranking (RAIDAR) model !

Note:7,, T5, T, L, BAF stand for overall residence times,

advection residence times, reaction residence times, long-range transport

potential parameter and bioaccumulation factors, respectively.

2.4 KUESIFAhR R
2.4.1 RAIDAR

IRV A P 50 A1 HE 7 (Risk Assessment Identifi-
cation and Ranking, RAIDAR ) Y 2 — A fifi & 7K -
F14) 22 5 FIXUSS: PPAk ASE R R A 2R 8 vt b2 i 1)
el 5 5% R LA AR I A SRR ROk
4R E BT —& , 7F Level 1185 Level %5
HEAT AL S VTR AR XU PEAG Y, #E RAID-
AR A wp | XURS: 3 A PR F (risk assessment factor,
RAF) N fre 8 2 1) — i i 25 3% HLRAE T 56 Tk
i P 0T 55 PR B S A 25 R 0 Ak 2 T RV 7K T T
S B AU 2 FLAE IR B A B R A AR
R BRI AT LR A R

WK 4 fr s, 78 RAIDAR R85 i 1k
22 PR S B S8, UL Ak 2 i 1 HE E &
Ey(mol-h™ i35 b2 Sl AE 3 A= Wy Rk v iy 43 B vk
JE Cy(mol-m™), 5 BIER N 2 5, Co(mol - m™) Y L
BBk XUBS: R (risk quotient, RQ):

RQ =C,/C,

fh2z S HERCE 2 B, 5K RQ Y LA A I

AHECGHE R E, .
E.= E,RQ

SEBRHEBGE R AAGTHE E, Sin A HEBGE R E,

B A B Sk IXURS: EAK PR F- RAF .

RAF= E,/E.=(C,/C,)-(E,/E,)

FH 00 2 B 7000 24355 R BE (Predicted Environmen-
tal Concentration, PEC)-5 48§ & J-— 2 15, [ {H & i B
TR JC 55 N7 FiE (Predicted No Effect Concentration,
PNEC)AY FLAEAE o KU i RQ 2 HiAth 22 BB Y 1) T
VEJ7 20 AR T £ Y 28 SOk B2 AN W], RQ B AT LAA
AR AR, M54k 2 b X T HLAR & 5 B Ml
Jof ) i S B2 BF RQ 3K B 45 {1, T RAIDAR
TR P a5 R DN RQ RS 3 174 8, Iz ) 4 o T 432
ZHEREE E, PR SEPRHERGE 2R E, RNl SEHERL
HERRY LA R 1 KU P4 L F RAF

RAIDAR 5 (1 5y A 2 800 16 1k 24 5 M i 5
A SE YA RS AR ARG T
K 3 (Mode-Of-Entry, MOE)45:35 51, X F A ] 2
U200 , TR AN RSB M S48, A2
RS ECH R G BIN, TCik 3 M MOE S 401 i
ANEX T Level MZUMNMTHE, B B 451K T
fb2dh Level 11 Level I 0BT R R S
RAF AN B T W) AE R 50 N A5 B
N [ET I N o 2 1 R N VA 3 R D LT S D
H W) s A T (bioaccumulation factor, BAF) , 1t i 2
EBRE M RIESE L, 5 =98 h 4528 . RAID-
AR BAYEL R B Ak 2 JF A, BT LT T AT
27/l e A i N 7 & 9 A SRR b
AT HL ) BT TR DA
2.4.2 EUSES #%t

EUSES(European Union System for the Evalua-
tion of Substances) 7 4t /& i B B 5l 0 [ | KR £k 27
mn SRR BN A= Tk 3R] % ke A A i PEA R
Gt , He TN TR o | A Wy o RN A AR R R R
B PTAG B ARG T SO &, PEAG B2 o A28
IS T 35 18 P 2 e R0, A2 A T XU R A 1 2
LR AP EUSES RGEILAEHE B B 43 15
B MONAR S A TR HOR EAT 2 88 VAL UMD
AR RS AT, FEr A0 45 Jay T | DX S8R K ity 23 T 4 B
b AR FH 2 28R B, RS0 AT BB A
2012 AFRARY 2.1.2 JL,

7£ EUSES &%t PFAl b 72 53 hy 28 5 PP Al 3
REPEAL B PEAL 3 A0y TEREEVHARAR /b
LA A it B B R O S E R AL
S PR PR DX A] b B R o3 A 5 0, 3 T Ak
2 PREEVR B 5 AT H 3 A BTS2 ER K
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Fig. 5 Structural diagram of the European Union System
for the Evaluation of Substances (EUSES) model

Note: PNEC stands for predicted no-effect concentration.
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Concentration, PNEC), 7E XU BEAS B B |, B 2 85 0
b G RONIPAG S RIEAT LLEL, 75 1) PEC/PNEC %42
15 (Margin of Safety, MOS) , % #% i1 #* (Margin of
Exposure, MOE) 425 5t | HGE Rk g KUK AL HE (Risk
Characterization Ratio, RCR),

75 EUSES MU iTAs R GEH , ) BT 23 A R
JE N T AN JRERT 5 X3 R, DA
R B B BT XAk 27 a9 AR B2 i, 258 1B R
TH 2R iR 5 WO B2 5% | 06 A0 45 P W i 2 55 2% % 7R
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IBE R G T A2 i i XU A
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2.4.3 CalTOX Al

CalTOX #5712 py 3¢ [ Jin JH 34 £# )& ( California
Environmental Protection Agency)F & i Level I 2%
A A BT R R B e 2 85 KU 5 4
15 YLK AHDRER % - 18 Kt 484 BT AT 4D I
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a7 SR OB P A2 RT3 A1, Rl F T3 ikl
T PETFRVRIAE J2 1 4 T 5 A7 A0 T 3 R R ) LA % 2 1) PR
il , HAGE KR 5 EEASEE T 10% BT R 4L,

3 IMEREEBEAE AU S R RRKIE

o7 FH BRI 168 R AL TR 0 TN A~ i PR 2 5
PR B AR B8, th T dh iy
AN By PRAPE A 25 57 AN [R] b S ) #1058 2% A
FLEYIIX R A 22 0, DL 45 [ 2 A IX A 16
i VR L HIE A T 4 S S 00 R R X
TR A A S PRI B R AT O A RLADLZE SR A R 3R Ak

[ 2 S0 R OL T L 20 X PRI 3 JEE A AL AT
R SEAU S MBI, Mackay 25 {218
S — 3 F Ao i B ER VAR R, A B T
7 i 2 B VAL T 0 [ PR LU S 51

i B EEAG AT LR 5 DRSS

(DA A 7328 KRBT A = il ) AR A Jo A A 25
FAA R BCPE B2, e R I S BN (R 5), Al
ZRORFERRI AT — = =Y BT, SRR AL X
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Q)BRIHEHCEAE « £ X — 1 7 v AR B~ il 1
AR ) AR L R 5 R, A RRAT AL 5 dh
TESEUSE R TATNG N5 B3 1800 HE ke
FEE,

Gz b AR PEAL - % B BOEAS AL~ i e — i
WELAAEQS C) FRHHRIER CEY R (53 5%
il S5 — AT LR, 32 AR AR R AR
BB BN AT MBS, 53 AMERTE R R 2%
B Ber A AR AL S AU M R = 1, (L% &
Yy ot 5 AT A S AR
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Table 5 Chemical classification and applicable fugacity models

[60]

e R Jivie o3 HE FR H A b 24
Category Characteristic Partitioning date required Equilibrium criterion Examples
; A4 A A Kk MR E E R Kow
—% . o N i T SR PCBs
The substance partitions Water solubility, lipid solubility, )
Category 1 Fugacity approach Chlorobenzene, PCBs
into all phases Henry’ s law constant, Ky
AKEEE HREE | RS I 3 AR A
‘ . AL R K \ \
=% MR R M S . SR T AAE R
) Water solubility, lipid solubility, . . . .
Category 2 Involatile substances o . ) Aquivalence approach Non-volatile organic chemicals
partition coefficients to solid surfaces,
organic carbon partition coefficients
75 [ R IE R AR
=2 SRR K W) BT SR R - [543 PiE 7 BRI TT % KaEpeks
Category 3 Insoluble substances Partition coefficient to solids Fugacity approach Long-chain hydrocarbons
from air or a pure phase
: MESR BRI K P 5T AR O AN [5] 76 1 9 B2 B2 .
LES : . : SIRTEHE 5
Involatile and Sorptive properties from a pure —! .
Category 4 . ) . Metal elements, minerals
insoluble substances phase to various solids
T2 B AR FrAAIEZS 1 73 BRI S T EIRA I
Category 5 Spacing chemicals Partitioning data for all species Aquivalence approach? Organic metal

T 1 —BORFEBANE H T %2 0,2 BEAIHLEE W R BEFEH A2 , nT RN SF IR B2 T, PCBs 25l

Note: 1. The general fugacity model does not apply to this kind of substances. 2. The model mechanism has not been determined and may be an aquiva-

lence approach. PCBs stand for polychlorinated biphenyls.
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