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FE . Rk b2 ok T R A IR EE XS . B AT, B P X Tl Ak 2 0 8 XUSS: TR0 PP Al R A T e =, A
TSR AL i 2 0 AR R (USEtox) , T8 LA M A2 it A [ 26 i JE) S I 807 A ) 2B S B P 52 ), 7 28 P B AT Ml VB A 15
RS AL 2E 0, S5 3R Wos  AEA T A A 7E BILAk 7 i+ e SRR R A 1) A 25 75 1 2 328 (chemiical footprint, ChF) /B f i, A
230x107 PAF-km’ -a; 7EE &)@ Cu™ LR E 3 /A f R , 0 420 PAF-km’ -a A @A S #E LW B S TA L
M2 NMEGER), B, FA R R E AT T KU b i R AT b RIS XU U, USEtox 1J 48 it RAE
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Abstract: Modern industrial chemicals may bring potential ecological environmental risks. However, at present, the
risk identification, assessment and environmental management of industrial chemicals is insufficient in China. In
this study, the ideal model based on chemical footprint, i.e. USEtox, was used to calculate the impact of ecotoxicity
discharged in the different life circle of chemicals in the electroplating industry, and the environmental risk of
chemicals in the industry was characterized and ranked. The results showed that the ecotoxicity footprint score of
sodium dodecyl sulfate (2.30x107> PAF -km’ -a) was the highest among the electroplating organic chemicals and
the ecotoxicity footprint score of Cu**(4.20 PAF-km”’ -a) was highest among the heavy metals. All heavy metals
had significantly higher ecotoxicity footprint score (ChF) than that of organic chemicals (more than two orders of

magnitude), and they can be considered as the main high-risk chemicals and the most important risk source from
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the electroplating industry. USEtox can be used to quantitatively characterize the impact of the ecotoxicity of indus-

trial chemicals on regional environmental risks, providing a new idea for regional ecological environment risk as-

sessment based on industrial chemicals.

Keywords: chemical; electroplating industry; chemical footprint; risk assessment

StEHE oR , 2B CAS SBIC b
ik 1422 R P AR R —30 4y HA R H AL, (H ik
b2 it ok ik = A AR PR SR Ak A R 1Y
15 Y ] L 28 4% 16 A [ PR 858 BRI 2B (United Nations
Environment Programme, UNEP)%1| A 5 i A 2K A= £7
(Y E SR BE R, R N 2 A 1 R B 1 27 i 1Y)
[, A2 Tolk E o 23R e — Rk, I 4Lk sk
K T E] 2030 A4k 2% Tl ™= g8 B — &,
FeE 2 A kAl A i A 7 AN B i 2 — KR T
XM Tk Ak 27 i, T R G Je Ak 2 i 1 T 32k
FHEPBIFE , ST HET R P 457 B B TR R A A4
F RS ARG T R B B AR oA FRBE IR A T4
PSR TF A7 i XU B 42 A AT B

45 XU RS PF 4t (environmental risk assessment,
ERA)FIAE i JE A (life cycle assessment, LCA)J&
Al S AT RS B R B A A T AP ERA
PR E BB T K AEAS RO Y Al BEME AT
FE SV R, a0 XU 8 3k — 2 (o 1 D) 75 A A AL 4
2, LCA JJEHET DI RE A1 7 i | ik B B0 30 4%
A S 90 O A ) R B R e AT REPE Y Y T
R ORI R AR B BEXT A5 3] R i
B AT G ALY (2 BTN EE
Tl B Tl A7 i KU PEA o R 7 2255 SR e 24 1)
BEFEMEH, LR WAL AP R oK. b2
it /2 378 (chemical footprint, ChF) /5 i e /KBl ERA 5
LCA MG, A NZEIE gl HE 0 Ak 22 & IR
TR PE O SO A 285 28 40 4kt B 199 IXUIRS: 7 Ak ok B0
H RG] 5 5 A 2K, T4k 2 ot A O 1) R 45
KBNS

A2 il ik 23 A 5 kK A 4L(Or-
ganisation for Economic Cooperation and Develop-
ment, OECD)#fEF£ /) USEtox 58, #& 4 T 1% 9 i
B MR TR RRE DL S 5 R 5 2R R
e, 4 G FF 8 Tl Ak 27 i RURS: P74k 19 75 5K . Hoof
ZEOFI ] USEtox #ERINT 2 FgE &5 H 60 A3 Fhib27
W A% SR Al T HGE AN [ A 7 A Y IR
BEMERZIN . Roos % il USEtox #52 B1 X% AN [] 45 417
it I N AR R AE 83 MR i AT 1Ak, R ST 1 Ab

PR 7 i TR AL 7 o P 5 o B K Ak )
TR I = T Yk, HER SN 22— 2P R fig
TTAEN 30 F] H USEtox X 252041 lk K 7™ i J 301 9
oAb 22 S AR S S e Rl AT AR I A
ANTE A BE XS G A7l Ak 2 T e AN A R 55 AR 3
FREE XUFS A . Querini 25" 3 T USEtox 151 Y £
AT VR SRR 3 R R VR AE A A R (2R
T R Ad & Ak B g B R, DL B SRy
FW]'T USEtox 1581 58 A STl 15 44 Wy HE 0™ A=
() RE PR 5
P T 5 F 0 2 8 T o) oA Sk 1 T 3 o 25
FHOG, B EE i AT 22—, — ER TR &
SRR PRAT Y Bt A X R A R R
AT AR RSO R 2 R T R I AR
Hb T KA An 5 R | B L7 | R 25 40 R AN
FHE PR A HLAS IR B R X e o
2R FEE RS, s e 451 & B b 3k
Wi liR £/ (sodium dodecyl sulfate, SDS) X Z. It AH i fi
FiE A7 S 2 A L R AN ] 3 5 Ay 3 fg A B
FRA, T BEFE KA R 8 (sodium dodecyl benzene
sulfonate, SDBS)# & >0.4 mg-L ™' i, & AL fa e i T
RESZ B A [ FE FE 40 ], PN 945 T Jie g 3 B0/ BUAE 7
A e RS S AR BE R G R gl BB S AR
REANEEN RGOSR I, R — A 2 %
BIE A A MR B S S S G RS
30 % L 40 ) SR 08 T A A P 3 S o) s A f B
AR FEVER b Al AE A il FT AL i
PRI A BRI, iy ok R BRI A R XURS: , B A
WO R, AT L A B BE AR HEObR
HEAWTHR &7, AT 5 e Il A ek s (EAT S AEAE
IR IR A 45 AN A | [R) L, G e 0 A AL e ) A8
P LAk 24 75 %8 2 (chemical oxygen demand, COD)
R E AR EA RS YA R B DTER, s s
S R A7 £ O A
E I, X H B A Tl A 27 i Y A i e XU i A
FrRet R R ST, R A7 i 23 )5 i, TF e e o
A Ak it DRSS DA 7 36 R B3 4 ol v AU A2 it
B P A2 it USG9 4, WA 7l AT R 82 K Jie S
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B S A PR 2 Y B H 2 L, AT
SR ot J 38 75 5 A el X PN R B A 2 i ) B —
HEEE AR I AT oA BT R X
it DR A B AT REL G, Sy BB A T T JR S T 2 A
JES B RS- TARA 35 B3 BBk 5 SR S

1 ## 57 % (Materials and methods)
1.1 fEERESH

J7ARAE A M B 2 A 28.9% , BF STk HE
TR AR A B Tk B B X N A L A
A 100 A58, HLBES AR B B AL 27 08 55 DR A4
B B ERANERESE el DX R I K HE A B DX K Ak
]G —Ab 3 AR TS YL RN R FH AR R AL BE T %
PV PRI E S A BB AL, T2
py e AR A 1 s

P 5 | 3 48 el DX P L T2 R i A
19 20 ZEARMAE R IH A X G2, WCHE Al S i A At
Biw A T A= RS E R, MR 20
FA AL 2E SR AT ST 15 3 A Al Ak
SR
1.2 A=Y BB TBURAE

LRE IRIRRME A T3 7 Ak
2R i SR i Ah K AR A Ak 2 R TBORA DG A
R, ENT T F B 2= B RO

HL P W6 S R AL 2 o, — A LIS ]
VERSEW 3 T A7 1 7 — A3 A i T A
o LT A iRk AFREE ; ) — R R  ME N2
YIBTAEAE b R, R HE A A2 ) i
WA R G A T B S Al E e
et A2 o R R T L 481

Z:7% OECD LS T 2 B3 58 7 Al i,
T H T A S I ) S LA 2 i R D) R AR
PR, 100% #E A A 7= K ™, 5380, i T H A
T EIXT L E A LTS G W B HE I A COD H %R,

PR

Surface polishing of the workpiece

¥
P FRR AL

Degreasing of the workpiece

¥

-

ABREE AL B

Derusting of the workpiece

WAHAIEEY RS EEE . RIECE G R
SEAZ AR R TE T FEBE) (HT 984—2018) " i /R R 7K
Kutia B COD 2 BRECR =80% '™, A 5% it
PR K AR AL FELIS COD 2 BRACR B AKAE 80% , BT
ALY R ]34 5 & COD A B il 1L 51—
., HIL, AYLEY R R R B G — R 20%

R KRS A RKENESRE T, HAr,
B EXT A T &R B IS e B A A T HECR
BRFOTRE TR B HEBOhR A, 45 & g Tk ™
15 B, AT LA S B K h & e B T S PR HE
W=D AR, 7215 2B B 25 BR R A R
KM 1 iR,

ARG Qe AR

0, 6, Py
D= MxBx(1 _@)X(l —ﬁ)xlo (1)

K D RGP HE R () ; M R 7= S (m ) 8
RIS QMG R R (g m )0, TS KA B
TG Y I R BRACR (% )30, FIEK IR (%),
1.3 AASERERAE S KK =1k
1.3.1 USEtox #AIHEA

USEtox &I A [ A 5% LK) 25 - A 5% B B 24 A4k
P2 E AR R R LI 9 1) S Aty _E T & 1) —FpRE
SRR HF LCA R AEfb 2 i HEOW A A fik
RS TN R 20 e YR i 4 E
JEIUITTAN 4015% , USEtox BN R 2 ik b 27 i 1 3 &%
I AU A | AT A Ak 27 i DA PR A I 3] B
L= RN 1) A B, T A e R
R AL ST R AE B, Ak 2 HE il i A i
JEIRE PR IR AR AL T — AR S I BT T
LB ORBIE S o TS A b HE s B
ChF(RI5 Y s A B B AS G AR 25 R G s it 3 A9 72
JE BT o 48 TR K AR o a4k 75 G ) IR K A2 2R R
BErEEMsEm A A HERCS G 0 N AR f R
ARG

HUBE .
Electroplating Post-plating treatment

and passivation

IS VT AP | Mﬂ?

Finished broduct

E1 BEIZREHEE
Fig. 1 Electroplating process outline
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USEtox # B Fri 28000 A 15 Rtk i 240
HEEZHMBETE S 2K, Hrb MRS it
EREES7/IBEINT SRPSEIE: i SR 26 Al [ha p s
A L E SR B (D) BEAL TR 5 (2) 52 56 3 W) B9 5
PSSO R 5 3)IR 7K A ) ) A 2575 BB 8 .
Y RO PR 55 T 3 037 R LTS B Fn 27
il B3 1 B PE BT B4, MBS B SR ek K
BRI T RUBE b A BEAS s L5 R, B2 B8 S A 46 A
PRI R MAR AR B, ARIGHEIE X B (v
S5 AR 592 B, AT 5 18 B [ 2 o B A
SE 2@l BIRENINIUE RS =2 VS Fa A (B T s

JIONZ=

SRR 2 Fs

i 1 A2 (R B S%0, USEtox AU AT 11 fk 2
Y B AR BRI AL -, 45 B Ak 2= B Rl
2P R AR R

HHEAXWTF,

Tyspox = ,zj CFUSmeJjXEij 2)

K2 Lygpeon 78 FE— B [E] [R] B8 P, BTk 229
JoHE T 20 28 5% i T B0 7R i 47 A 14 L 451)
(potentially affected fraction of species, PAF) 7% fk
(PAF-m’* - d), PAF(JC 5 24 24y 52 3] 5 76 52 Wil 119 78 43
YA E R 1k AR i 7 B HEk
1 (kg) 5 CF ygpo, A ILAW BURHEAL D T (PAF - m® - d
kg™,

~7, B/
8-

F1 BERKSTEYTERYAEYE
Table 1 The pollution coefficients of electroplating waste water
. - } P45 Z (g m ) VT4 TG S AR
g 4 T 5 b7 (&) ST KR
. Pollutants producing Removal efficiency of pollution
Product Processes Pollutant indexes N
coefficient/(g-m™2) control facilities”
EERAE=98%
AV/IR3 1373 Removal rate =98%
cr(V) ’ 2 =90%
PR Fif 88— P — 5 AR Recovery rate =90%
G T ized Electroplating pretreatment—
alvanize %
electroplating—post-plating treatment LBRFE=98%
(23 28,50 Removal rate =98%
Zn [ =95%
Recovery rate =95%
o LR =98%
b — — b R
PR Fil AL FE%E ik aviIR: Removal rate =98%
. Electroplating pretreatment— 41.55 .
Chromium-plated electroplating—post-plating treatment (VD Il =>90%
P E~postp & Recovery rate=90%
HLE 4 .63.00 TERAE=98%
[ Electronickelling: 63.00 Removal rate=98%
Ni e BE R 31,50 Il =95%
Electroless nickel: 31.50 Recovery rate =95%
HALGER 1 FBRA =98%
e L Ry i L — R = (4
(CETR: ke HIF A 31— F B — 0 J b 1 i Removal rate =98%
Other type Electroplating pretreatment— A 31.50 Il %§>9;0/ ’
(C(;ﬁliz, Ieltizl;el, electroplating—post-plating treatment & Recovery r;62900%
PR A 1 - 63.00 LBRE=98%
i cidic copper plating: 63. emoval rate=98%
il Acidic copper plating: 63.00 R 1 98%
Cu FERERRPESR 31 50 [l =95%

Pyrophosphate copper plating: 31.50 Recovery rate=95%

T 7795 BRSO T R AT RS Gl B RS R BURMRHIT 3 7 ER Y A5 ) i AT L35 e W) SE PR O A ST 7 e B SR A PR
U 0 e S 5 R % (3 e A A L ) (H 984—2018)E % F el fi )

Note: * the pollution production coefficient refers to the coefficients in Appendix A of the calculation method for the actual emission of pollutants in the
electroplating industry “ Announcement on Issuing the Method of Pollutant Emissions Coefficient and Material Balance for Calculating the Pollutant E-
missions” in Chinal'”); # the removal efficiency and recovery rate of pollution control facilities refer to the Appendix F of the “ Technical Guidelines of

Accounting Method for Pollution Source Intensity in Electroplating Industry” (HJ 984—2018).
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Table 2 Landscape parameters for model
calculation (Eastern China)

24 Hf Bl
Parameters Unit Value
K P il b T AR
km? 6 426 35595
Area of land in the continent
PNGRERESINEAA
. ) km? 844 137.04
Area of sea in the continent
KBk K L i) 0.05
Fraction of freshwater in the continent ’
NG IEE /N R 4] 0.5
Fraction of nature soil in the continent '
KBl A b L 5] 010
Fraction of agricultural soil in the continent ’
R i LAt Hb L 451 000
Fraction of other soil in the continent ’
KBTS
) ) C 12.00
Mean temperature in the continent
NG )
m-s™! 3.00
Wind speed
BT e it )
mm-a~! 122640
Mean rainfall rate in the continent
KE BRI
m 13.00
Mean freshwater depth in the continent
KR35 i) L 45 027
Mean runoff in the continent
N RS o
Mean infiltration in the continent
KRl -3 ol
o . mm-a”' 0.03
Mean erosion in the continent
PN iR SR
km? 350.62

Mean irrigation in the continent

CF ysox ij:EFUSEtox XXF yskiox inFFUSme i 3)
K BF ygpo, MR F, LTS YL 9 A0 v B AR Ak
T B A2 5 ) L A9 28 A6 (PAF - m® - kg™ ) 5 XFyspo
F R RN, o TR o ks
YUNFEIR K 5 A LU AP 5 FF e N R BE I 1
+, DAEFP A2 1) B A PR EE 945 B8 B ) 87 (d) o
EF o, IR IATE G0t AR 28 R GE 520, 3l
W T EC,, HITHEB R M HC,, /E A HEMSH
R EE IO T E R R TOIR 1 B AR
SR, PRI, SR T R KHESE(EU Water Framework)
4 HC(NOEC) A& , 8 5 T o WL 52 i vk &5
(no observed effect concentration, NOEC)J-& 15 2] )
VAU BE A3 A th e R AE S e LU A5 5% It

XL A, P T 8 SCER B I o s o B %2 4k
B BRBCYAE S RE L Z B R AR R
B3 fie A AR 55 52 B PR 4722 USEtox #5274 LA
HC,(NOEC)/EN ChF #M:ZS% S48 hw, UL, il 4
EF &S H 18R], CF o Al CF g FAFELN
AR KR

CFeye, =FF

EF o if

ChF; EF

USEtox jj xXF USEtox jj xE x CFUSEtox ij

USEtox
)
RS IE T (08 1, 550 ChF fH, ik

AT,

ChF = fx %CFUSEtox {/XEI'j:ﬁ(IUSEtox )
X ChF S b4 8 23, PAF - km’ - a(3CH AL 2%
m A AR A TR MR R R AE); £ IE B F (B 8.1 x
107, e g)> . ET EATEA R i A S
BRI, 7T PR R 0T AR AR IR R G i AT AT
PR BIIEOLT 0 B b2 5 15 G it ZE IR K AR FR
SAb A S PE TR K H e Sk T 5 & (R B[R] B A 5 T Ak
27 i R T VR R AL SRR 0 TG Y Rt AR S IR R

SN

2 %53 (Results)

WRYEAE T 2 AR A EH SR B T o 1 22
SRR T AW Xk s A LB IR 2R
WA B I T
2.1 Ak Sl AR I R
2.1.1 WA PLA N

FRRR 1.1 R 1.2 A O IE AR R A Ak A AL
A 2F 08 N300 (%) 4ol FH S RN HE AR T A, gk 3 TR,
AT LA IR A M A S o ) ek FH i 2 Tl R
55, B KA T 9 M ) e A R 1
Ik 57.18 t-a”! | TR BE T AW & el
0.1 t-a™, fff i AHE R HE A LR SR T A AT
SDS Gk AR = L6 iR il SDBS 45, BA 14 11
T T 39, I SDBS 3 iR I 7E L 4%
RTALFERY B, SDS A AGe R A 42 S 1 ) == B2 4% Jon 7
FL BT R I R AR P B S5 AL R B F ke
ALUL  TEREA A T 2 A4 L7 BEA e =
A, R RS L TR AT i
i JE A SR HIT , A RE X A T S8 B 0 KU PE A (1K 2)
2.1.2 H¥ELRE

HR A A b A Fh A 2 B 45 BE RN BE R TR, 45
FLHETS e 15 REBZE A L F 2 &R & 15
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A TiJlx Thiourea
<& I Formaldehyde

O ke dEmifR e Sodium dodecyl sulfate
B R4 Sodium dodecyl benzene sulfonate

0.1 @ 554 Catechol O NHREE 2-propynyl alcohol
@ #1412 Citric acid ® ZLHR Sulfamic acid
O WA%E 1-bromopropane A T RSN Sodium laurylsulfonate
o ® B Acylamide ¢ £ VU Z. 1% Ethylene diamine tetraacetic acid
0.01k % I =M 1H-benzotriazole
’ @ 14- T4 2-butyne-1,4-diol
u W 2 i Ethylenediamine
0 o a NIFEEERR N Sodium allylsulfonate

S 1E-3f AN @ Z ZEE T ik Ethylene glycol butyl ether
E o & 1-H H-2-MEHE Ll 1-methy1-2-pyrrolidinone
: *
<
E 1E-4f *o
o ¢
5 * o

1E-5

= a
© R
1E-6
1E—7 1 1 1 1 1 1 1 1 1 1 1 1 ]
2 4 6 8 10 12 14 16 18 20
2 i e HE T

Chemical footprint ranking

B2 BEANSENESEERTHRF
Fig. 2 Ecotoxicity footprints of electroplated organic pollutants

P HERCR , INFR 4 i, R 4 AT AN FEE T
XA IR TS e HE R R, AR R T2
R S e T AR R AR AR T2 BRI A
R T A B8 m TR T2 Mty T
R AEHERCR Bk 11121 kg, HOR R B EER
TR R s T =R S i SR 1
BE R A R, A AR AR I S A RAR
4R R HE ) 3 AT TS e, X 5 X R =
A Hb DX 35 e () R AT G B RS A
JRBPR I EER T AT A R s Yk
i — R B I SR BT 4

2.2 BB A SRR A HE

2.2.1 AHLIEEY)

FIIH] USEtox #EAITHH Ak 2% i 1 A2 A8 B 1k J2 i
JEHATHEY , RIS e i T A S SN R HY 5
ST HECR W HE Y 22 58 8, Hod SR i HE
(304.00 kg)J&: 2. — Mg DU LR HERTE (2 300.00 kg)fy 1/
7 B H A A7 5 (ChF =3.48 107 PAF - km® - a)
BTN R A FEME LI (ChF=1.25%10"* PAF
-km?® - a) [ 2.7 15 ; HE I AH S % 74 B (478.00 kg)
FITPR 7 LAl 192 494 (448.00 k), Hi A= 25 75 1k 2 05 4%
HH2EIR 3 M, ChF 43528 2.09%x107° PAF - km’
-a F16.86x10™° PAF -km® - a ; ¥4 HE i AH 24 il
(1 800.00 kg)F1 SDBS(1 63520 kg), HiA: 2571k B ik

SHERAZES 1 AN, ) — i, AR E
SR RBEAEE RER o A5+ —
Jot SO R £ 1) A2 A M R 38 (ChF =2.30 %107 PAF -
km’ -a), V5 LG G AR S d v L al HE 5 1, %
A MG G B DTN 66.28% , HLHE 1
I THARTE Y, T T R R N S R
SRR 1-FH L2k Joe i A 2 5 M A2 300 (ChF =4.48
x107° PAF-km’ - a)f¥ 5x10* 15, MEKFE, HE4 R
10 A7 BILAL 2 9 JoT 09 5 P BTk % o 3 A Pk
SEMIFY 99% . Ortiz de Garcia 222 &) #:4] H USE-
tox ARAITIEE 45 B2 i B A ANy S AL A S
BEPE I IR T HE T, PRAL Tk 26 2 5 A B
FH S B FREE KUK . 7T WL, USEtox A5U3E FH 145 HLIG
Yo A AT R A AT
2.2.2 EEEIGLRY

45 Y A 2SI 5 2 SR R R AR R T
HILFHER R WY, 3 4 fE 3 Fis, HEmos
T 25 R 30 {0 1o 5 e 90 93 300 Sk 7 4 (0
BRI P A O, B4 7 A i 7S I 45 (128 .81
k) HE AR R TR A T 25 7= i B HE = 1 4 £
8 H A SRR L 305 (ChF =5.40x 10 PAF - km® - a) &
PR 50 ) 7 A ] A A5 % /2 38 (ChF =4.20 PAF - km’
-a)l 1/78 s AR T 25 7= R AR i HE U 249l FE R IR
AR T2 7 A A R Y 2 A (P R e
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Fig. 3 Ecotoxicity footprints of metal pollutants
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