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Abstract The environmental fate model for chemical in sewage treatment plant is an important tool
for end-of-pipe control of chemicals. Recently, there has been a gradual increase in the development
and application of models designed to predict chemical migration, transformation and distribution in
sewage treatment plants. However, given the variety of available models, each with its unique
suitability and characteristics, a comprehensive review on their comparisons and applications is

needed. This article provides an overview of the various models currently in use for simulating the
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environmental fate of chemicals in sewage treatment plants and the chemicals they are applied to.
These models are categorized into three groups based on their internal mechanisms: fugacity-based
models (STP), mass concentration-based models (SimpleTreat, WW-TREAT, WATEROY,
TOXCHEM and WEST), and activity-based models (Activity SimpleTreat). Each model is
systematically explored in terms of its basic constructions, mechanisms, and applications on chemical
fate simulation in different scenarios. Additionally, the article outlines the limitations and strengths of
each model, considering factors such as expression forms, input parameters, output results and
applicable cases. To further validate these models, the article compares extensive modeling data with
monitoring data, identifying key sources of uncertainty in the process. This comprehensive analysis
provides a clearer picture of the current state of simulation research on the environmental fate of
chemicals in sewage treatment plants. The article aims to guide the selection of tools for end-of-pipe
control of new pollutants and summarizes the development trends and prospects in this field.

Keywords chemicals, environmental fate, sewage treatment, models.
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Fig.1 Schematic diagram of STP model simulation under secondary treatment process
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2 ETFTHREWRE TS KA 463 5 3535% 3 # A I (Chemical environmental fate model based on
mass concentration for sewage treatment plan)
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Xb 9 AR EATTE S AR N B4 5T SR S RE TR LR A, AT ARAT H AR AL i TR A AR A BRI A v B
ViR, R T B A Ao R R TS KA BT AR B R BRI AR, BT ST B P A 1 Dy R LA 5K (10)

dc;
v,xd—tfz—ijc,xv,+ZADv,,,x Ci+ Y XCH;% C, (10)

Horpr, v, RoR A8 j IR (m?) s G Ron Al j AL R B (mol-m™) 5 ¢ FIRI[H] (s) 5 k; FomAh j g —2
Az W) I i R W (™) 5 ADV, SRR BB ot A @ B4 j AP A A (m’-s™) , ad B AN AT 3
XCH,; /R I B NA i B4 j 099 BOER i (m’s™), b B2l 3. 24 dCyde = 0 B, A A4 -
it 75 R R AR B RS AR R B,

SimpleTreat 15 B 97 RN E 12 b Fi5 K AR INAL 2 0 200 LA B ) BRI 72 50 >, F-4
WE A EUSES HE4E i 2375 5 T A Ab 2 i PR B B B A A b, OMERf PR AS 2] T 5840 300k 55 A 5
i VSR % (DAF) JL T BUR SimpleTreat £55) f ) it B B, {5 DAF H b9 S K AR 2Z 5]
IR 8 T A, 455 R R LR LL, A BBl T R K A B R b 2 IR DY R kA
i IR T AT Y. BRIL 2 Zb, GREAT-ER #1545 4% SimpleTreat [N B AFE A5 K A B #idk, L)
il “down-the-drain chemicals”™ M Az 1%/ Tl /K4 TE JiL A STP J& 19 2 B Fo o], DA i A T4k 58 Js 24k
2E 28 STP HER AT A AT £ K ]38 N VR BE 3l A8 Ak, [ N PR ZE 46 220 W LUAS G ik 45 U8 vk 24l T
2, BT E AL B R R BE ML PR TE K AL FR ) 375 28, X SimpleTreat < B HEAT A + 4k, #4 4
F35] C-STP(O) B AU I 5L Py i FH F- 15 7K AL BRT PN 26 A2 i 22 B SR 0 T . 58 & PN A3k K2 Li Fi
4 SimpleTreat & B 17 R ¥ &, 2 T 1% B R PR &5 'S, JF & 57 i i i 0 B2, 8 Hoig A CiP-
CAFE"™ Hl PROTEX #H1C7 S5 ity - ¥ -2 i £ A 2.

2.2 WW-TREAT

TR o v FE AL v Ak S AR W IR AL TS M U8 S g R O e R RN L K AR
VAR T S o A AR S L SRR R WY, 5 PRI R A AL A W R W I o3, T BT PR AT
() 1 A= 0 I fi 36 0 BB AR A5 B A I BT B I iE 5 SR Y. A [ N BF 5% L Al b, Cowan %5 P Y HE WW-
TREAT(Waste-Water Treatment) #5151, 5 H5 FH T A= W W gk 1) A2 it 7 A 0 P 3 U0 0 i v b2 it A
BRI e A3 oAb 2 i A1, W B A A 2 i 1) A W o i s R0 1 Y 2 AR N, JE TR R TS TR s b A= )



10 4 AP PEAE 5K AL BRT Al 27 i BRI AR R 5 SR B e B2 3393

R A FRIHEAT B A, A (1) FR:

K, xML K, xML
_dx—ss +K2XsRTXdX—SS 11
1+ K, xMLSS 1+ K, xMLSS

o, Ky Al il S AR W R A 0 2 K0, Ky SRR A S AR i AR WD W A 8 R (™), HRT 277K I 45
if1E] (h), Kq R R HE R K(L-g ™), MLSS F/n B AU (g L), Ky Fean W B A5 4022 dh A 4y
fifp A (h'), SRT KR {5 e 45 B i) (h).

TE WW-TREAT A5 8 v, 5 B I3E I A7 5 ik AR G RS 28500 2= i 1) 24 00 o ik o 2 408 — B S 1z 3l
L Ky 5 Ky R BTN T AR (), 3285 7 R AR 2 1m] U R 8 s RUAR 4 B Al 2 it i 7
PPt s PR i5 e R G0 rh — A AR ™ AR A R T AT 20

WW-TREAT #5251 LU 509 0 B OC S 15 Qe W) L BR07 e, 20 T BN 44 A A AL~ B FE 0D 2
Ak & (Primary treatment) F175% P75 4b B (Activated sludge) i 2 AP 19 25 B FL B LA B 1) 25 /<L 5 Y Al 7K
AIHERCE O X WW-TREAT #E 84 JEAT 85U 70 A7 5 A B, A2 B 1190 T R 8 (K ) A= W e A 3
WRK, . Ky) M5 Je s B I ] (SRT) S5 S B0 S Y 45 SR 52 Wi i K. SR, T2 LR AL 45 B8 5 2R 757K
QPR 2 R Al A TT, HLANTE SR A | W R AR ) o e 45 =26 T2 B2 e BRI, T Z2m 1 A R anole
e ik AR 7 A 52 ) 5 T ),
2.3 WATER9
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B A AR, I AT 2 il R P, A R A% Ak B T S A HE R AT =X, AT A S K A P
J7 Ry FR AR AR A B4 R A AT BTG G 1) A B AR, H AT N AMIFSE ) iz B T A
AT 75 7K Ak B AR DL WATERO #5884 P 580 126 5 75 K W (HEZK R | A At % 55 ) | A7 (i
FEFE L PR A ) FIAL B (AR Pk . BRSO A 0N AR ) LA RS R AL B (R 3R | bbb PRAE) 24
it AT FA B G W s ] P #7512 Y. AET5 K AL 3R 25 BOT N, 45 4 A LTS B P i HE
ZBIANE TR 2P R AR i W A SO i A s i), G T2 ARG AR R RO AR AR 1 TR A
MEF Y, RO DN A AA 2R G AN A Kt it LA R A W O vl A5 A PR G S A R AT BTG e
AR HETC AT, 2 114 A W) e it A i AR A4 e ) 25 BR D7 TR A B B .

&R 1 WATERO LRI 540 B #oT ip HE AR A b 2
Table 1 Emission pathways and importance in the main disposal units of the WATER9 model

FRHEOSEE S Kt/ it R i
ERIFBORTESYR HKIL R MR R 1 L H T
Main emission pathways Reservoir/Regulating .
. . i Bioreactor tank Landfill Land treatment
classification reservoir
AR - . * .
IK St sk sk * *

& HAR A L It 1T B B MR TR I S5 i AR 22 8 Rl i | R U SRR AR, ML FEHR R ST HR, WATER R oA i 5
CWZMG, o, TBARAR, o YCERAR, *: ANl BT 2 iR AE.

 The remaining pathways such as oxidation reduction, transport infiltration and rainfall erosion are strongly influenced by oxygen flux,
local climate, etc., and it is difficult to estimate the emission contribution, which is not applicable or has been ignored in WATER9 model.
***: significant pathway, **: minor pathway, *: inapplicable or negligible pathway.

TEVG K AB AR B, BDE Kt . P85 Hep, R 75 /K B IR & 144, WATERO A5 A 3 81 38 F i - <AL i
FIS, A5 7K T A WL e BE AR Sk a5 b o Ak 2 o HE I A Ak B, S A R e 0 o e~ T D,
RAAR(12—13):

OXCi=KxXAXCL+0QXxCy (12)

1 RxT\"'
E=KxA =— A 13
XAxCy (kL+kG><H) XAXCyL (13>
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Hrp, 0 Mi5kia (mPs™), C N5 KOIEHRE (g-em™), K R Z 5 (m-s™), A F/KEEA (m?),
Cp KA 2R S (g-em ™), E /K T HERC & (g-s™), ky MK AL R R B (m-s™), kg A AL TR 250
(ms™), R F/REASARHE £ (atm-cm’® mol K ™), T FK/R AL (°C), H 7= F| Z % (atm m’-mol).
R ARAGE F TR A R L IR R A B AT K Ak A R B BRE K AN W AR Ak, B TR
EHET R G, Bl A (14-15) A7 HE AL 55
E=fixQOXC; (14

KXJ)

fair=1—EXP(— e (15)

Hor, o FREHER R A2 S HER RS E 4 L, T T BRI (s), D FR KR (m).
PTG K AL BRI BE, B A= 9 S0 it , WATERO A5 3 2R F] Monod J5 2 X6 A 4 R fidk ok A2 (4 AL 24
FeBR R HEATAR T, F A YR A Rl o A S (16) T
VX Kpax Xb; X Cp.
o= K,+Cp
Horb, ry HR WA (g5, VERRBEF(M?), Ky T8 i KRR (g-s™), b, s Y
(gm?), K, Fm P EME £ (gm™).

WATERO 5 1Ak 58 45 HL RS20 45 SR B 3R W, 76— e T /K AL 38 ) v, 945 st 4 R W B R e b 3047,
V5 AKOK B 2 | 5 BRI R LV ey vl B v, 38 R R R M LTS e d R B A T AR HE R L ok
A, WP TS YR AL BT A MRS B AT I S | H DR R 2SSk AR A, SR A R R AL BT
15 G LB P RIRE 5 R 1), — g R B0 T & AR, T BE S SO HE AR AR X A IR
Fin 516 JH A2 it S BCHE A5 7K Ak B PR T S8, I WATERO BRI [ V5 /K b B T2 R R &R
YRR AR R R, FErh 45 R HUR B & 2K A A-B T.Z2>UNITANK T2 >8R AYO i A& Bk
TZ> R AYO ERUtiE 1.

WATER A1 7] 4§75 7K A BEER 5 $ % M LTS G ek HE AR LB E S0 35, 51 e 2500 3 o A5 41
K BRAXHR AT M IR AR AT BT TN TS5 AL S, PR R WK s D HE 87%. 22 B M g Y,
XML T A AT N S DL, R AR AL T2 5 KA B TR D 55% (4% & P HLTS e W HE
JC. A IX ek HE R D8R T, KR = A i X Y5 K AR BT Ak B BT SR BN 55 R, BEAT R D 8 vk A B
IR A LTS e HERCR, B8R AT B2 75%,

(E AR R A S, AR A 7 Ry FH A e v A7 7E — BB T BB X 45 S 5 i (0 A s MR R R i, ¥ K Ah
PHERY H 2% 28 9 HE R A — 2 VR P SR IR S R AR OGS & i 2K TR 5] 40°C 5 HE R R PR K
Fls TR L ghah, SR b A PR R 0 BB R, X 5 1 SO R A YR A T RE X% &
FBRAG A5 F S M A — B X T AR 55 A Ak AR S, K A 3R T XU A AR RO A 2 SR T
A, S L R R, AR AT SR 0 A T B A S EOR Y b A B S ECK A B TR s R 4
T R 1.

2.4 TOXCHEM

TOXCHEM #5 2 5 9] i Jin 52 oK it 20 55 35 2 7K A BB AR vt (WTC) F1 g Mk 28 B Enviromega T
1994 4EFF &1, 5 WW-TREAT #5724 {bl, TOXCHEM # 78 [5] K 38 3 8 37 454 15 7K Ak 34100 5T 7 T+ °F-
M TR, LARIR R G0 NHE LA HLTS Y W7 4540 B3R5 19 22 BR AR T 72 911X TOXCHEM #58%Y
TS TN U0 B A T A kAL B R (AR 3 R, BT R SR KA
AL H AR V5 e W (0 4% A6 0 | A 0 I A R B 2 B A5 e R, O T AR HE 4RV 1 s B AR S RN B A A
Y RS 0T FH TPl 5 KA B A s HE AR L i B S A e e e T,

FETEHAE DU, B2 i LA B B 7K (O) T A TG /K AL BT, HER e o s b A AR AR 4
TG P A= 1, TOXCHEM A5 UK A 2% it A= ) 6 ik ah AR 3R Sy 5 A ) 88 A i 38 R ORI T T
AU E JAE Eb 8 1 — G2 7 (L FRIR A SR ) 1O 71, b i 7 DT Tt 565 T 0K AR 198 3 T 42 % FNE
it P YR B F 2 TOXCHEM #5280 2% [ 1 1 4% B R L], R B ad B R ik 0 R Z AL T = A

(16
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SE FEMDUSUBRE A% BRI HEA T R A, A, 2R M i AR 0T rh A iy 32 00 e i R S0 b A — it o
1 1] A B 7 ) b DA T 2 5, T AR B AR b, L AR 2 A T 1 AR - IR 2 b 3 T 2 2 BRI )
HAppFkA % 2.

[ e
| (&) . l
I Bt et 1 I
I iR Primary Rt Secondary :
: Floatation tank sedimentation tank Aeration tank sedimentation tank |
I ) I
0.C OX(1+R) 00y, C' |

| 0, ¢ ) O—Ow, C'nis

s > —
: _ 9% G ka’ Ve .G Vs by K, Ka.Vas Xyss O X, Vs |
! s K R, N=1 to 10 CSTRs ks, K !
|
| |
I
! Or :
! Ow !
| |
P T k
®) 1 © g
: LA ¥ Se:jﬁjf l
| Primary X dimentation tank :
i ; sedimentation tan

| sedimentation tank 1 : O-OWX G X (HEXK) Lo
: OXGIH(I-R)X %X K] ~ 0. H OX (R0 = i A @ |

[oXe 11 HR),.Cnin , >
o N A s | S X,V N s |
:QX(7|(1+X<1><KP) Ry, Ky | R : : OX(IHR)X (HXyss X Kp X G ve L OmERE l
| A~Weir || Weir |
I 11 I
| 11 I
| ! o |
I ) I
| OXRyX Xy X KX () H OXRX Cnag(14X,XKy) | OuX Crag X (14X X Ky) !
11 1

E 3 TOXCHEM ALK (A) V5 e Ak & i Fe; (B) 3Tt 5. 5T, (C) — it 5T (e s 3 SR
Fig.3 TOXCHEM model conceptual diagram: (A) pollutant disposal process; (B) primary sedimentation tank unit;

(C) Two sedimentation tank units (Redrawn from the literature!®®)

£ 2 TOXCHEM # K1 b 27 5 2 B ML 3 2R R %0

Table 2 Rate coefficients of chemical removal mechanisms in the TOXCHEM model

Main removal mechanism Rate expression Definition and source of parameter

ro: WSR2 BRF (ug L h ), ko A WIREAR R R B(L-g-h ),

A T =k c -
AR 7 = ko > Xvss x Xyss: BIEBRIIEIE (oL ). Co A L2 I (g L)
re=kyXC, kv:% ro: R R LR (g L0, ky: EEAFRRZE(R), h: MR (m),
HEER A o : WL RS R (b ), kg s SUBRERS BB (meh ™), H: 2RISR
KL:(E+/<G><H) (atm'm*-mol)
rst = kst X C, kst = Ko s 2SS P SR R I P !
. Pl 2l st SRR R (ug L), ke RIEREB RE(mh ),
fepuidme =R 1 = 20Xk, ko RS R, He 2 R atmem’ mol)
—— Ci= Couxe? y: USRS B (m), g, DIV (m*h ' -m),
’ A= 0042 x WJS7 x g0 x KK Ku: BAERAS (b)), K R AR (mh )
o -B o . NIV, s
TR 77 h095 g0 K K g OIS (), g~ VOHEARAE (m>-h )
W B i q=KpxC, Kp=1000K, g: VBN FEVR L RO 22 I (ugeg ). Kp: EIRMRE B (L-g )

18K, = 0.581gK oy +1.14

(B VE B A2, 70 XSS 2 v 58 P ¥ e Ak e R v %) R A B 5Tl S B P-4 7 R B, TOXCHEM
BIERZE NS ERE—ZE TP EL2IRE A % (CSTRs, Continuous Stirred Tank Reactors) H i
7. 45 CSTRs 1 Xygg. MR | WL 3 T00 Z B8 . A6 40 I A 043 A il 3R A AR 4, ELIRT 3t v e v A 7K A
15 G e B 4 T I — CSTR Wit iy e B2, 0130 75 UK i A58 — A~ CSTR dEATHp2E b, Hah A& 72
A] 2% 75 4 RETURN + INFLUENT — EFFLUENT — REMOVAL = ACCUMULATION, Bl 4123 2 (17) fir 755 %),

OXRXCrni(1+ X, XK,))+OXC[1+(1-R)XXo X K,— OXC3x(1+R)x (1 +Xyss XK,)| -

dc
kaxC3pr:Va(1+Xvss><Kp)><d—t3 an

Hoh, 0 R 5K i (m®-h '), R 7R BUA L], Cyvin 78 B — 4> CSTR /K AR HP AL 27 it vk 2
(pg'L™"), N &R MM A0 CSTRs A (1-10), X, 2R [ 5 e i B BRI R FE (g L), C,3R0R
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UM K R A S R (pg L), R, ZRan W) U0 P B 77 UKL 25 B LE 1], X, 2e7m K h B P kL
WOV (gL ), C FRH5—A CSTR HKROHI TS (g L), K, I R LRI
I i 33 3 22 08 (B K, =Ko+ Koo+ Ky X Xvss, b)) Vy FR BT B (), ¥, %71 534> CSTR 25
(m?). A5 (17) 19 FAUIL B 0 ] F RS BEL. BR 19 CSTRs A0 (18) FR 0,

O X (1+R) X (1+ Xyss X Kp) X [Cist = QX (1 +R) X (1 + Xyss X K) X Cianl =ka X Cia XV, = Vax(l-i-XvssXKp)dCHz

dr
(18)

Ho, 1 FR5 i 4> CSTR, 1<i<N. HAMY X TOXCHEM H581 B A 3th B v o -4 5 22 0 F R A7
A, A4 K (17-18) S BRI SCIEAN I A K AP A0 A — it 5575 7K Ak B FR T i i i
V- it 72 A 2% Melcer S5 RYBFFE.

TOXCHEM #5714 £ 9 5 [ R B A S AR 22 A BORE 25 A0 B il 05 /K AR W b 30 3R 8 AR %
TR BOTH (AL WATERO £ ) (1) 5 2 2 — 1P G AR 449 A RN BB 6 50 3%, HATC B &
FEXT SEHE ) — G . AR BE AL BRI TT, I HAE S H T IPANAS [ P45 R 2% (A0 pHLL 32 RN 2 S0 55 ) X
A2 S FETS K AR 3R I IREE IR RS2 e L Ll R A [m] 5 =45 1) R [0 3 92 o) A5 A DG SR I T Ak ot A HE
JHCHILT] | 18 1IE A% Jot 22 BB 1 DL S AR 45 2 T WA (VA B s T R B 1) R A A5 2105 /K Ab B8 Fe/r i it
TRAE Ml e J32 405 0t T %k s A 2% it B9 DX Sl s B AL, A 17 % 0 I RIRE G428 1 12 R T 4R ) 2
S0,

FI BT A ¢ TOXCHEM #5275 (1) )37 338 22 4 rf F [ 41 X 3. Behnami %57 F1] FH %4600 22 G 1A T
ALK BT FR TR R | HORROR 06 S R A AL S D R | KBRS IR AEAL B R WG 45
SRR, 5 5 R A W R S HLI T b3 Ak i 1Y) 25 BB o U PEAE L, e 28 VRS R ARG s A 45 R A E — 9%
AbFREATT T Yy i AR T A, KU EE A R ST b ()i It AT BB 23 IR A, R BUR R ZE TR N
T A B R s TRV RE LA AR 15 B 5 & 7 ). Zwain SR X AE B B AE PETS 6 R G0 H,S 1925 ) FTHERK
EAEATRILG KR, HoS A HEBUR B 52 <k HLS B KA /K pH A 52 M 38R, I 7K I B XL
S AR AT PR Ak, B HE A Y HoS P RE I ACERAE TR 320 A A £ R IXURS: , F 9% el DAL IR g
TR L (R T R B RIS 5 pH A5 T is AT A R RS MV e R G, LARRI HoS 1) KA HERK.

2.5 WEST

WEST ( Wastewater Treatment Plant Engine for Simulation and Training) & it 7 i) 3£ F 15 P15 e s 11
2% (ASM, Activated Sludge Models) #4 & i) B Ak 05 E Ak A4, T 22 S48 i EL Al Hemmis 23 7]
¥ A P9 Z A Y H S 2 R P22 DHI S bl R AT U8 BE O 2 Filis 4, © A0 3 [ bRk B4 72 10 55 e I &
(ASM1, ASM3) Fll it F BB (ASM2, ASM2d) HILEEE RS L K 35 e e 4 Al 3 e b A5 R Bk 0. 557 3
e At 5 K AR 3T EABEAUAR b, WEST ARG T V5 K R Tl Kk S 2 sl it gk, HARHE T2
TEAIT A HAG &K T L, IF SRR H o Y A —F k.

H A N AN ¢ WEST B ALY A TH I K 2 5 T 15 K AR BT AR & 7 s A7 ek 77 #il
T2 AR B0 S i T A0 G A DG Ak A i 0 R R 2 T e W Y BR BRI A B B S A D, AR
Plosz 558" | ] WEST 58 R4 G 3 P V5 Je b R ZR 48, X5 7K Hh itk il FH WA | DO B4 38 FEA TS V0 B A i A
T 1A P i S L BRALI AT BRI S 809 IE. A1, M4 DHI feo# #3820, WEST 2023 BRI e i
KGEAE B A5 (IUWS, Integrated Urban Water Systems ) 55t EVER 15 K ) & W ] 38 AR I dE 17 17
AR A8 B TN REE TR I L TR AR L V5K )T Is AT R B AR B AT LIS, TUWS3 IR HE i T X 4
B Z RS Y (PFAS N HATIAY) ) TR 456 R G o AL D i, AT 38 2ok 152 1 A 16 15 KRR
R TR A28 9t o ) R T HE 45 2 Fh PEAS KR, XF PFAS Z3fb 2 i BOIE B B AR FIAE V5 K L 15 e P ) &= 46
A AT SR H A AR A A O SR & 3%, IR WEST 2023 X PFAS fh27 i (1 PR 58 ) B ) 1k
FAPEATS A 1 i

3 BETHEEEREBEMNIS KA L% 53 1EIH ¥ (Chemical environmental fate model based on

activity principle for sewage treatment plan)

F 40 Z 4 i Mackay 2 4% X H [F] 5006 3% FE AR & 5 | A B BRI R vp IO, L STP i B2 AL R O AU
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AOEREE I BRI B 32 B 95 7K AR BT F A 2 i A B 05 2 8 B AUL MU A A 2 27 550 9K T, 3
JERE T JE X o P SRR 2 T R B B BR R AR Tk, T AN 58 Al T T ATl B AL i, Rl 2 X o
FELfigp RS AU T AT, 30 8 D7 1 D03ty i - S a0 . R STP-EX A HE AL~ i 19 18 7 4 Z {ELE
177 R E SC, AR Y i W B A T e A S it R i B 0 B R PR S AT, 22 T AR S A T RS
F g B .

O E EEAK B Al i T ORI R, nT AR A S BEARURN A BEARA R P B RN AR A S M A B A
SO <TG R S e W O T AR AR R G R BT S T AR M SR, WA C19) PR, Alsa s
a GRS R

u=u’+RxTxIna QL))
Ho, w AL TR RERES, “S 2 RE1IE R 1(T-mol '), R LR BIAR SR H EL(J-mol 'K ™"), T &R
2 X B (KO . % T B, AR 2206 B 5 10— 228 RS KR BE (mol-m ™) A ¢, WA= (20) s

aX Cyres = yX Cy Q0
o, ZEy(LmHN) Fom 5 AW AP A K ) 090 25 . FRiEAR S Cyy pep — M 126 185 3L AEL /) SR BE /R
(1 mol'm™) AN, UL, Cy op BT A LTS — B R A, DU A (21) AL iR a:

a=yxXCy QD

Hor, a R LA mol-m™ S B BTG BE . Xt F— M il B B 40 7, K TP EIE B a = a, + a;, RIHPEZSTE
(ay) BTG (a), FFHRT pH (E % 25 %0 (pK,) , FR#i Hendersson—Hasselbalch 77 #45 2] /A =
(22-23):

a,

. E— 2
1 + 10°(H-ps) 22

ay=a, X Py =

a=a,Xdy =a,—a, (23)

Horb, a BUA 1 FRRRIEA DL, —1 R A ML 25 g T gy 2302 7R S AT 72854k
ST SRR B AR, A T B R S R R R B S S0 B RG ZM AT B, B 3Ry
PRI XA AR A2 (21-23), AK AT HL B 23 7 B SR E C, ATl g 28 2 (24) 1545 2.
C,:Cn+ZC,.=;’—:+ 1 ‘yiza,x(";_wJ,Z";_W] (24)

Horbr, ypn Ty 53 500 s v PRSI B 54 2R T B AR AR, HBGR T8 s AL & . SR T AR S
T, ChPEY oY) Tk B R Ak 2 16 BE AR A, IR 28 R -/K 20 B R BN K, 55 AR AN 4lizk v ep ) ik 2230
JE 1Y be A8 AE B SO L KRR A B TR 5 A 3, AT LA ] g A A 2 o 1 T B R BRI 3 T AR AR
Kaw (737K F KgAK TP I BT A2 ik BE €, an A=K (25) T :

. X Kya XKy

Horp, G woRS SRS KA E A AR FR AR E H S (Baw) AT F 25 (i) AL 27 105 B2 43 B0 4l /K AH
pH fE 5. X F A, dog 1 dig A2 [ 7K ST BT 9 7K P Ak 22 9 5 20 4y, Ho )R pH (7] B8 -5 4 Jo 1) 3%
& pH {H A [FH].
WH, MR C 5B ATEE a BE H, HAH 2 AR LTS i 25 18 (B) 2 ST A A 3K (26):
C,=a;XB (26)

St FALE LA it (B) LR A RIS T 45 (P RES AT RE B WY TAR, BD B,, 410 245 (25) 11
99005 B FAS ML, B B, S50 4 A5 (25) AL § DO 17 bl TS e e o
MR RE Z(mol-mPar) ), TRt B(mem ) AL T IRHEARIRIC 2 fh 6 7
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HET, 3% B2 07 2 2 B F T AT L s Ak 2 A Wl AR AR R ) R K AR R T Ak A
IR U e S5 1 F2 BB 4EL (B Activity SimpleTreat #5275 ) 1551,

Activity SimpleTreat 5 Y 5L 3 & J5t PR XS AT o 2 Ah 27 & 0 IR 35 10 8 i B i R AT 1 3R ™) 3l
1E X SimpleTreat 3.1 A5 41 Hh 57 -y #2 22 T8 A TS (BRI 5 141 2 28400 , 1) G Jo 1 A% i
FR A R el FH S 3 A A IR A A A A O P R TR A, (L BRSBTS /K AL 3T P M RS
2 S I U A AT R R BRIE AR, I i 5 B Ak 25 1 R 2 A0 S FE LA B (MAMD 1 ifE— 20
By SR HE S PR T A b R R S 2 S A B S 43 A AR R SR S G2 AR B iy A S A
H bs b 2= 5 B AL M T . HEAGE 5 . A W R ol R DL 5 K b B KR pHIE S ARS8 5
SimpleTreat 3.1 241{L), Activity SimpleTreat #2 3 4= ¥ K% i 1) v] FH AR B2 A (814G A= Yy R 3k . 15 1k
5 Vet B A Bl T2 ) SR B 1 1 5 A A A ) R A

T 2L UL R )2, Activity SimpleTreat fi 1% H 2§ b2 i HAFFE TOKAH, 22008 1 AR B ks ) AT A
Wy i [ A 2 T ) IR B AT oA, LR 5 TP B b2 it 55 A i BT A AR BV R, 50 e B ) 5 RT e A ER Y
TEHERL, W ] FERR G TP P B2 G i e A2 7K rh Ak 2 i IR 28 A0 3 BT, 55 A, i BLAGE T
PEFHL BN N B A2 i, B BRI R BRYE . SR, B MUY SimpleTreat v4.0°Y 7ET5 KA B] T. 25 2
B e S, Tl K rh A S IR B AT B4R A B DA R AT E e A2 it - K o0 B R B 5 LA S D T
e T E R, i 2 RS A AU T T B AR B )R Tl R K AL BRI A /AT L AR 2R IR A
Jo HE R AN e BE B DRI, Activity SimpleTreat £ B 76 Aff 9% 1 FH H 38 i 9% BB 1) SimpleTreat JIt
B

4 AR AN FH#% (Model comparison and application trends)
4.1 BERURE 5 R T LA

TS 75 7K AR R T v A i PRI VB D 2 A v TR UL 2R T 2 RS R L R
I A7 5657 A5 9% (screening-level ) HIFFT 2% 44647651 J5 S 22 ¥y HH LA Xof 4 5 Ak 2 o HIE TS R 30 8 65 4 6
i FEHLBE A TRAMT S 200 3 30 T A SCHT A 43 9 = RS 7 Rt X5 K Ak 31 Ak 5 i 3145 1
AT PR | A SRR & VS R e 2005 i B A R SO PR DGR R AL A 1R
P i TR, LR 2 A AP B | S 2 U B T 2 TT R ARG | R EE Al A LA

AL
F-HH.

N TR 5 P A P2 it Aol 21 R PRI AT DX, 8 5 SR P 775 7K Ak B S 5l o A 20 R 47 3 5
UEJR , X SRR n] 3z AR S A 2 i A R U A 2 AU

ST IR B JEUER Y STP AR Xt R 2R ALK, 76K ZHUUE B T U B bnfbsr i B 24
A 7K e JEE il . SR HISE )42, BB A RO PG 2 P07 e . pafUke | B M HILIAE TR 5 25
AL PTG KA PR GE KR | 1598 LA b5 25 SO U JEE 23 A B0 21, R, IR g Ak 11k
Al EAS PRI 0] )~ 2o R R A ) S S A, ] BE A IS TR AN At S A R 20,

BT o vk B 3R R A 1Y SimpleTreat FE 7 DU Xof J70 3 b 1 B it 45 PR T /K Mk Hh 2 T DR AR 57K
AHREAT AN X 73, AEAS B 47 bl i Al 2 il A B3 95 8 . DR T e 55 7K R Ta] A 7 BICPIL /i O, 36 T2
TRGINE LGN T IR R AGWTETS K AL B R ST A R BRI BAT B RO BLACR,
AT W05 KA B AR GE N B AR | U S 3P B S ) B9 B A R O, A T o e R
(5 7K b 31 Ak i PR BE AR, G WW-TREAT A5 784 128, 7 [ 2 —~ 38 1 7% M 790 A A 400 v 32 B0 A
BAF B PERE, SR T 0 AL A 5 K AL B BT AIAL 27 ah 22 BR AL 0 B, A2 T A I S 5 v A 1o
HHAT R ; WATER9™ FIl TOXCHEM A5 740 WA BT L SURT RV AR 55 B SCRE T AN & J8, Wty
TP T5 AL B s b I HER ft R A R i 52 Rz Ak B 5 S SE T v s WEST AUU7 B RAG IAL B
HICIEPEFISH A & LIIRE, T IZ N T5 K ARS8 0I5 G 4 L BRI 5T, BE & U7 BRI
KAL), 5 TUWS BB WEST 2003 A5 7 46 52 B HE T A 3 15 7K HE O Tl HE il 25 3 2RO
SRR PRAS B FiAAR D) BRI A AT S Rk JBE oA LA A 84U,
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R 3 TRAEE) A IR IR Y L B T

Table 3 Comparison and application list of environmental fate models of chemicals in sewage treatment plants

S TR oy A Y AY 2L T
T it A B b DAL, S50k
ype and modeling Simulated
Model name mechanisms Input parameter Output chemicals Reference
FERIE B E L TR O
[a]th . ZRTFMENG . ZHRE, 2R
ELHIR, CHRECHE TR
KA 1,1,1- =52 hE. 1,4- "5
e L 12-TE K LI- R IR
fresyy =Bl =3 g o b L
B o N N e = UL N s oy
iy I} AU bk 8 gl B Kl AR [20, 31, 44 — 46,
STP PRI R YR SRR, B T o . MRS
P ) AU M 24-—EFR L 82, 92]
Level Il HASAFZE, S8R — H AR . AL
B HUBRESAR: = (258 230 ) e
fif. = (ARAE)BRRNE. —(ET
BT d [N B e < e 7 L Rt
H R LB R TR
FEEI . Y AR AR LR
FE[LIZRIF[2,1-d]WEW; | ZR I [a] B
o SRR, BUTEEL R KR 2
Je y ekl (e PR (AT RS
FARBER KooKy SRS 0 s e "y e, AHTN. HHCBS (T4
) RIS KEARE) . ABEHE e N
SimpleTreat b B W 2 D K. ?ﬁ?ﬁié—i;;&)%n ) [21, 48, 93 — 94]
T ﬁﬂ(‘ T B FAabE T RAER: &R &S
s - FREES A 2 e R RO, &
e AR, 45 b, PR 2 | BRI
IR WEEIR BVUIRER | FhisE
ENAR S
25 S
4Eg§}§§@ RS AR YRR fE2E i R R (dE B AR HER: TERE =M%
WMBIA YRR MR ERTEMTS  (NTA) St SRR L
WW-TREAT P B KIS V5l JeAbE) KUK as (LAS). e = A ik [28]
T {SEERINHA] EROEC AR KL THIRALKAY (C,TMAC), —HfIsmE — A1k
ek TR A BE A Hee o #i £:(DTDMAC) %
e TSI R TSR IR | FERRIG TR R HOR, ZHR,

jkﬁ”ﬁﬁﬂ K, K ahie TSR ARG 228, SR, 1,2- 25008, 13- 25
R KAMERR RS A R R R R XM R
WATER9 - FRARRC HAAARERC R APLES Rk s fUEZE: =R ke, MR LM, = [61-62, 66]
) B2 FHRIRE YRR A THEGEIR SO, 1,2- 258k, L1L1-=5
£k R RKRERF R FrHERL R Xt 12- e, i 1,2- 4
. L/ OGN Pk

e ME AR RS S e
RRIE ez emmemnr [T tone =i g o =

TOXCHEM e B BOPRORANEIE, et 0y BA0R TS g o iy (68, 741
o i St S N A A 1,4-—
Mgy PWOTRERC EeTZ 7T
S B
VKA EET HEK L5 (3 . " I,
B/ TR Ay k 0 BT, BURRRIRTY
AARIEBOR  PPEERAEALS) , CODAL LI B EAR ) b aa i A
WEST TS B TSR T ks Rk HCTA TRBS BRI (26.77.81)
WEERIE  ZSEOMWSIESE kiR s Ot
FALE RS e, >
[ZES YT Koy BRI o
WIRBO R K FpK, ) L) “’*jjggf"’f;g%f
Activity B R ﬁ%‘gﬁﬁm AR =5k 45 50 00,05
SimpleTreat PRSP (AR AR IR LSO E R e vk sk S 93]
B HERCHE R, A IRk -

WERE Wk s RO

FE T B R BT & 1 Activity SimpleTreat #5512 3= 22 H 5k #h SimpleTreat 3.1 B AXTF Al B 254k
S PRI AL TN 43 BOA AU T A AN A, 5T VA0 AR I DAEATS BE VR AR S A, A RO T
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=AML RIEK  RNVD AR AL M ZG e T5 K AR BT N BRI A AT O L BRI, iR OR 2 T
FL B ) B 45 [ A i A AT Sy B A5 HC A Bt X AR EL AR Y, 18T R OB 2R o IR 22 TR BT AR Y
SimpleTreat 4.0 JILA T Tl {5 7K |45 S AL A D AE, F 5% BE 7% 14790 45 n] v 35 Al 2 i O PR 52 0
B, Activity SimpleTreat #55 frt) R 2 #k/0, {EHAZ O T8 (A 2735 158 ) X T AR S AR 27 il 240 Tl 3A
SR U FEAGE AU % 56 {8 T S RN L RAT B2 A e R AR .
4.2 FEEIEIE S AN E A

TR 6l — BB A P RN A — S A 2L AN S 4 ) T 0 R DB A R A D B
ZRZETG KAL) s i PRI VA A TR KA S o <y S0, L A AR B A — B, R P A
J7 AR A A RE U LE A S W T AT i A S BRI e, BEAUBR T RS AL R RS K AR BT N BT
I REREAT I IR VAL Sb, 3 F T 0N SR 0 P R R BRI 2 MO ZR A T Al dh O U E A s
L, g I e A TR T ) 25 2R (PEC) 5 313 W A (MEC) HU SR BEAT /MM SR IE I H 2. AR SCR S
PG A T 1 A S0 -5 AR 6 I S R A DG A 28 T SRR 44 746,46, 617 03, 65,74, 89,92 295,98 =99] - 8 JALH W U
&I 6 MHRAEY | 3 257 41 PEC/MEC B4R XA T B (ST, 45 R W IE 4 Fs.
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Fig.4 Model validation: IgPEC-IgMEC normal distribution probability density curve
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