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Abstract: At present, toxicity evaluation of nickel is mostly based on single indicator and laboratory control experiment. How to
evaluate the influence of the forms and natural complex hydrochemical conditions is the difficult problem in the field of water quality
criteria and ecological risk assessment. This study comprehensive reviewed on the sources, forms, bioavailability, toxic mechanism,
water quality criteria and standards, and wastewater treatment processes of nickel. The study focused on the environmental behaviour
and toxicity effects and mechanism of nickel. The impacts of water chemistry factors on bioavailability of nickel were analyzed, the
toxic effect on aquatic organisms of different trophic levels were outlined, the six response mechanisms of nickel toxicity to
freshwater aquatic organisms were summarized. The influence trend of bioavailability of nickel on toxicity was prospected. And it is
of great significance to derive water quality criteria of nickel for protection of freshwater aquatic organisms in China.
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of freshwater aquatic organisms

% kAR SEHEE (ug/L) I
TRA AN , - TR 5)
— N 11T 5 30mg/L CaCO3) P
- adE 4701k 100mg/L CaCO3)  #E1E F 4 FdE
' 18 S2(FF Y 100mg/L CaCO3) ik
25(ff 2 0 ~ 60mg/L CaCO3)
65(T# % 2 60 ~ 120mg/L
N CaCO03) - o
LSS AR 110(fE R 9 120 ~ 180mg/L RABTE
CaCO03)

150({ii & > 180mg/L CaCO3)

%3 HENi fkREERR
Table 3 The study of nickel water quality criteria in China

JE(ug/l)  WE(ug/L)

o mRRE RA5E

187.08 350  EEMEESHEHITIE  (42/15) T [70]
146.48 432 WIMBURBE M (46/24) % [70]
180.29 3.08  WIMMBUREE AT (47/17) % [71]
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Table 4 The treatment methods on Nickel wastewater
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HI T Ni AEFME R A (1) 2 ML R OK AR
R A RURAE NG ¥ G 1)l 52 31 [ P Ak i 2
AL AR, KT Ni AERIAE P K A B ER 24T
L g PR NRIE 5 v 2 A b A S 56 = N T g BITAE T
FURLRE A R L — PRI NI (KI5, BUA &
NI TV UL REE 25 SR N TR S X
A S BEVE N

Ni FEFEGH A AT 2552 SR PRI K A B
PR3 1) 2 BRI X AR A NI IBREEAT N 52 2 5 T A
PR, H AT SRR B, A pH (44T
X NI FREEAT 4 IR M LBEAR S 7853, (H R R 4t
WMIRE G ZERAZSEN T Ni AR, W
L R ORI AT A2 45 25 P it 188 s PR U AR LA =
PRETE VPO N 0 K AR A a1 BRI O AR K
AsELHINS 37 NN ARE S ISR PN

T RAC A EEZE M A AT R AR AR 3
Ni O KA AR B R 2O T AN 7 5 B R R R A
R Ni IR EAE, OCE H R S AT bR % Ni
A JRE (143 B A, X T4 7 DX ARk 2 S A R R AR G —
{1 7K i 5 s o T e S T % O VAEE B fR 4
A X A 28 2 A RVEA 5T 5 5 D A7 A 3 6 J A
PO 2.

6.2 WK ETT I

6.2.1 ARSMHKEARIKAEH Ni (1B KIAEAT N
S WSO T — R R (pH . Ca’'\
Mg*" DOC %) 4 T Ni (1745 SR BEAT Iy 1E
FDUEE AT 37 BT, (H A S B 2K A o 1 R T i 2R 4
(IS, 10 5 B AR AR 3 B A2 32 22 AN [RDK AR [R)
PRI LR AR RR SR 5 B A A 5 1 2 0, R T AR
WL ERRA AT T Ni JBaS AT N 4L
PR, 38 7R R N IR AT R A8 A L.
6.2.2 WM PR G L EZRMEIE T NI FaEE
P T A KA A A PE R SOAT G b, B
2 BN = A BIE A 18 B A% 18— kAL o7
SO Ni JE SRRV K5 00, 10 B AR B 2 45
IKACZE AR NI AR LK AR AR ) AR A 2
B PR AT HIHLA S5 SCBERL 2 ) AT DR AN R 75 T
JREGZEELMN T NI MAFREIRGKAEEYN

BEPEIRSS, AR R RV R N R R
SR DG 2R, ) BH A KA 22 2 A0 N AR ek
o 55 BAVREAE 1) N TR R R 8 78 KAk 22 4 A0 N )
BEPEAE AL, PPN SEBR KA R Ni 7] BEA7AE (1 7
A

6.2.3 il iE AT RE s DX Ni K5 S e R bR U
5 L 4 i R 0 R, A () DX 3 ) A 5 R 1 2 %
AW 2 R, IR AT (bR KPR T bRt )
(GB3838-2002) T Ni FIFRUEIN AT — MR BRAE,
PO A [ I A A 2 4, AR B D BL 2 R
PR HIZ) T NI AR T R P RS Ak
BRI R ) O AN [R] DX s A 85 B R AR ) X
FANR K R FEUEAR, g 2R 7K PR 85 b v () s T
PLAERFAFLRE RN B 8 SRR VPAY Ni 75 FRE A
[i) DX 3 7K B 455t 1 A 25 U, Tl o v G478 il S Je
Ni )24 TF R 55 R F A T 2L R % Rl s ez L

R

[1] Morgan J W, Anders E. Chemical composition of Earth, Venus, and
Mercury [J]. Proceedings of the National Academy of Sciences,
1980,77(12):6973-6977.

[2] Suresh G, Ramasamy V, Sundarrajan M, et al. Spatial and vertical
distributions of heavy metals and their potential toxicity levels in
various beach sediments from high-background-radiation area, Kerala,
India [J]. Marine Pollution Bulletin, 2015,91(1):389-400.

[3] Simpson S L, Vardanega C R, Jarolimek C, et al. Metal speciation and
potential bioavailability changes during discharge and neutralisation of
acidic drainage water [J]. Chemosphere, 2014,103(5):172-180.

[4] Blewett T A, Leonard E M. Mechanisms of nickel toxicity to fish and
invertebrates in marine and estuarine waters [J]. Environmental
Pollution, 2017,223(APR.):311-322.

[5] Pane E F, Smith C, Mcgeer J C, et al. Mechanisms of acute and
chronic waterborne nickel toxicity in the freshwater cladoceran,
Daphnia magna [J]. Environmental Science & Technology, 2003,37
(19):4382.

[6] CuiL, Wang X, Li J, et al. Ecological and health risk assessments and
water quality criteria of heavy metals in the Haihe River [J].
Environmental Pollution, 2021,290.

[71 9k AT, E AR D R ROK IR SR AR R ST [J]. PR
FHEWIIT, 2020,274(11):92-97.

Zhang Y, Lin J N, Wang H, et al. Study on environmental quality
standard for Surface water [J]. Research of Environmental Sciences,
2020,274(11):92-97.

[8] ZhiesE, 28 T, JSCRIEKCEEHEIUIR R AT [7]. 3R
BEOR Y RLAE, 2017,43(4):32-35.

Guo H J, Gong X, Ma F. Study of the status and development of water
quality criteria in China [J]. Environmental Protection Science,

2017,43(4):32-35.



2348 LR 7 A & I 2%
[9] VH7REBRIDENE, (B 41,55, oy [ PR BT SEME B 1 15 U7 24 i STt e K and potential ecological risk of heavy metal pollution in the middle
FEREE R (7], AEAEESR, 2015,10(1):2-17. reaches of Chaobai River [J]. Research of Environmental Sciences,
Feng C L, Zhao X L, Hou H, et al. Research progress and main 2020,33(3):599-607.
scientific problems of theory methodology of China's environmental [22] Sigel A. Biogeochemistry of nickel and its release into the
quality criteria [J]. Asian Journal of Ecotoxicology, 2015,10(1):2-17. environment [M]. Wiley-Blackwell, 2007:1-29.

[10] #7oih. & mEERE [M]. bRt dbnt Ke# i 22 b AL, 2008:41. [23] Wen'Y, Yang Z, Xia X. Dissolved and particulate zinc and nickel in the
Chang Y X. Metal toxicology [M]. Beijing: Peking University Medical Yangtze River (China): distribution, sources and fluxes [J]. Applied
Press, 2008:41. Geochemistry, 2013,31(complete):199-208.

[11] & 5, IMEBCE S BB 35T Y KT M0 [J]. HheRph ik [24] Mukherjee A B. Nickel: A review of occurrence, uses, emissions, and
J&, 2012,27(S1):359-361. concentration in the environment in Finland [J]. Environmental
Lei T, Sun C M. Soil pollution, migration and transformation of heavy Reviews, 2011,6(3/4):173-187.
metal Nickel [J]. Advances in Earth Science, 2012,27(S1):359-361. [25] Bencko V. Nickel: a review of its occupational and environmental

[12] Jacks G, Fredlander D. Nickel in groundwater — a case study from toxicology [J]. Journal of Hygiene, Epidemiology, Microbiology, and
northern Sweden [M]. London: Iwa Publishing, 2012:247-249. Immunology (Prague), 1983,27(2):237-247.

[13] Li M H, Grasby S E, Wang S J, et al. Nickel isotopes link Siberian [26] & HefTEE B LA ESE AR P A TS T SO
traps aerosol particles to the end-Permian mass extinction [J]. Nature J& [J]. Eifk2#, 2011,30(1):130-137.

Communications, 2021,12(1):2024. Zhang H, He L J, Lv F, et al. A riview on the methods for investigating

[14] A%, T AL 4% 22 46, 55 B80T G /KT B ) DURR A v Al B ) A 2 heavy metal speciation in environmental chemistry [J]. Environmental

EAWISE [, FREIRIEWTSY, 2001,14(5):20-22. Chemistry, 2011,30(1):130-137.

Yang H W, Wang M S, Xu A J, et al. Study on the chemical speciation [27] ZE4E0%,35 B, EPHLE ST UK EDIR Y 48 TS 0 AR
on manganese, cobalt and nickel in sediments from Yellow River KMILTHRET) (7). BRI, 2016,36(4):1207-1217.
(Qingshuihe section) [J]. Research of Environmental Sciences, 2001, Li J L, Jiang X, Wang S H, et al. Heavy metal in sediment of
14(5):20-22. Danjiangkou Reservoir: chemical speciation and mobility [J]. China

[15] W™ BE ARk, H 03 M S5 s K PR 7K B 058 o < Jg 1) I 22 4 Environmental Science, 2016,36(4):1207-1217.

ATRFAE SRR VEAT [I]. FREERL A, 2021,34(3):576-588. [28] Xiao D, Shi Z, Wu F, et al. Seasonal and spatial variations of heavy
Kuang P, Li Q H, Jin S. Spatial and temporal distribution of heavy metals in surface sediments collected from the Baoxiang River in the
metals in water environmental of Puding Reservoir in Guizhou Dianchi Watershed, China [J]. Human & Ecological Risk Assessment,
Province and risk assessment [J]. Research of Environmental Sciences, 2018,24(7/8):1916-1929.

2021,34(3):576-588. [29] Budiyanto F, Lestari L, Hindarti D, et al. Speciation of copper and

[16] Wright D A, Welbourn P, 2k k. MABE8ERE2% [M]. AL s #E nickel in sediment from Benoa Bay, Bali by modified BCR procedure
Hi AL, 2007:286. [C]. SolarPACES: International Conference on Concentrating Solar
Wright D A, Welbourn P, Zhu L. Environmental toxicology [M]. Power and Chemical Energy Systems, 2018.

Beijing: Higher Education Press, 2007:286. [30] Mitra A. Legislation to curb illegal fishing [J]. Marine Pollution

[17] U.S. Geological Survey, Mineral commodity summaries 2021 [R]. Bulletin, 2008,56(8):1385-1388.

U.S.: 2021. https://doi.org/10.3133/mcs2021. [31] Pyle G G, Swanson S M, Lehmkuhl D M. The influence of water

[18] g4 4R 4L . =& m KA B R R WF R R [9]. YL7E 4k T, hardness, pH, and suspended solids on nickel toxicity to Larval
2019,144(4):91-94. Fathead Minnows (Pimephales promelas) [J]. Water Air and Soil
Zheng H H, Xu L C. Research progress of heavy metal wastewater Pollution, 2002,133(1-4):215-226.
treatment technology [J]. Jiangxi Chemical Industry, 2019,144(4): [32] Doig L E, Liber K. Influence of dissolved organic matter on nickel
91-94. bioavailability and toxicity to Hyalella azteca in water—only exposures

[19] Nakajima K, Daigo I, Nansai K, et al. Global distribution of material [J]. Aquatic Toxicology, 2006,76(3/4):203-216.
stocks: iron, copper and nickel [J]. Materiaux & Techniques, 2018, [33] Dijkstra J J, Meeussen J, Comans R. Leaching of heavy metals from
105(511):5-6. contaminated soils: an experimental and modeling study [J].

[20] A4=f4n, 5 P AR REWI X SR Pl R TR A R R Environmental Science & Technology, 2004,38(16):4390-4395.
4B AT 515 4 A PE (7). SABERIEFSY, 2020,33(6): [34] Hua Z, He P J, Shao L M, et al. Leaching behavior of heavy metals
1409-1420. from municipal solid waste incineration bottom ash and its
Li Z Q, Fang P, Huang B, et al. Distribution and ecological risk geochemical modeling [J]. Journal of Material Cycles & Waste
assessment of nitrogen, phosphorus and heavy metals in surface Management, 2008,10(1):7-13.
sediments of typical internal lakes in Dongting Lake area [J]. Research [35] BT KGR, pH WKL R 48 0 % Cd.
of Environmental Sciences, 2020,33(6):1409-1420. Pb BEAT IR [J]. TR, 2012,31(4):594-600.

[21] 3 SROBAHEERE RS A U R A B A . SRR Wang Y P, Wang L, Xu C X, et al. The influence of pH on the release

FAESRBVHL 3] BREERFAIII, 2020,33(3):599-607.

Wen Q, Zhao Y M, Cao W, et al. Distribution characteristics, sources

behavior of heavy metal elements Cd and Pb in sediments of the lower

reaches of the Yangtze River [J]. Geological Bulletion of China,



7 A BRI R R LS B R RN S

2349

[36]

371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

2012,31(4):594-600.

Gustafsson J P, Pechova P, Berggren D. Modeling metal binding to
soils: the role of natural organic matter [J]. Environmental Science &
Technology, 2003,37(12):2767-2774.

£, B, E TR OKHIREVRY D BB KES ST [].
IAIALEE, 2002,1(5):430-435.

Wang H, Wang C X, Wang Z J. Speciations of heavy metals in surface
sediments of Taihu Lake [J]. Environmental Chemistry, 2002,1(5):
430-435.

Chakraborty P, Boissel M, Reuillon A, et al. Ultrafiltration technique
in conjunction with competing ligand exchange method for Ni-humics
speciation Microchemical Journal,
2013,106(2013):263-269.

Mandal R, Hassan N M, Murimboh J, et al. Chemical speciation and

in aquatic environment [J].

toxicity of nickel species in natural waters from the Sudbury area
(Canada) [J]. Environmental Science & Technology, 2002,36(7):1477-
84.

Wright D A, Welbourn P,k
Ji 4L, 2007:286-288.
Wright D A, Welbourn P, Zhu L. environmental toxicology [M].
Beijing: Higher Education Press, 2007:286-288.

Maleva M G, Nekrasova G F, Bezel V S. The response of hydrophytes

WA M), dbat S s

to environmental pollution with heavy metals [J]. Russian Journal of
Ecology, 2004,35(4):230-235.

Appenroth K J, Krech K, Keresztes A, et al. Effects of nickel on the
chloroplasts of the duckweeds Spirodela polyrhiza and Lemna minor
and their possible use in biomonitoring and phytoremediation [J].
Chemosphere, 2010,78(3):216-223.

Pereira C M S, Everaert G, Blust R, et al. Multigenerational effects of
nickel on Daphnia magna depend on temperature and the magnitude of
the effect in the first generation [J]. Environmental Toxicology and
Chemistry, 2018,37(7):1877-1888.

Crémazy A, Brix K V, Smith D S, et al. A Mystery Tale: Nickel is
fickle when snails fail—investigating the variability in Ni toxicity to
the Great Pond Snail [J]. Integrated Environmental Assessment and
Management, 2020,16(6):983-997.

Ujah I, Okechukwu N. An insight into effects of pollution in aquatic
environment through effects of Nickel accumulation on catalase

activity of Clarias Gariepinus [J]. Annals of clinical toxicology, 2018,

1(1):1-3.
BARS M BRI S, A KFR B N i e (T U £ 41 2045,

i [J]. PadbARMLEER, 2020,29(2):175-181.

Cheng DY, Yang F, Cheng D F, et al. Histopathology of gill and liver
of cyprinus carpio exposed to Ni** in aquatic environment [J]. Acta
Agriculturae Boreali-occidentalis Sinica, 2020,29(2):175-181.

Zheng G H, Liu C M, Sun J M, et al. Nickel-induced oxidative stress
and apoptosis in Carassius auratus liver by JNK pathway [J]. Aquatic
Toxicology, 2014,147(2014):105-111.

Svecevicius G. Acute toxicity of nickel to five species of freshwater
fish [J]. Polish Journal of Environmental Studies, 2010,19(2):453-456.
Ruedel H, Diaz Muniz C, Garelick H, et al. Consideration of the
bioavailability of metal/metalloid species in freshwaters: experiences

regarding the implementation of biotic ligand model-based approaches

[50]

[51]

[52]

[53]

[54]

[53]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

in risk assessment frameworks [J]. Environmental Science and
Pollution Research, 2015,22(10):7405-7421.

Adams W, Blust R, Dwyer R, et al. Bioavailability assessment of
metals in freshwater environments: a historical review [J].
Environmental Toxicology and Chemistry, 2020,39(1):48-59.

B AT R, X K BR, A T BB 2 43 A PG LR K BRI
FRHMBPERI N [J]. F8E TR, 2019,257(11):28-32.

Liao W, Feng C L, Liu D Q, et al. Evaluation of influence of typical
water conditions on cooper toxicity based on the cumulative
probability distribution method [J]. Environmental Engineering, 2019,
257(11):28-32.

Nys C, Janssen C R, Van Sprang P, et al. The effect of pH on chronic
aquatic nickel toxicity is dependent on the pH itself: Extending the
chronic nickel bioavailability models [J]. Environmental Toxicology
and Chemistry, 2016,35(5):1097-106.

Rudel H, Diaz Muniz C, Garelick H, et al. Consideration of the
bioavailability of metal/metalloid species in freshwaters: experiences
regarding the implementation of biotic ligand model-based approaches
in risk assessment frameworks [J]. Environmental Science and
Pollution Research International, 2015,22(10):7405-21.

Mano H, Shinohara N. Acute toxicity of nickel to Daphnia magna:
validation of bioavailability models in Japanese rivers [J]. Water, Air,
& Soil Pollution, 2020,231(9):459.

Pourkhabbaz A, Khazaei T, Behravesh S, et al. Effect of water
hardness on the toxicity of cobalt and nickel to a freshwater fish,
and Environmental

Capoeta fusca [J]. Biomedical

2011,24(6):656-660.

Sciences,

Niyogi S, Brix K V, Grosell M. Effects of chronic waterborne nickel
exposure on growth, ion homeostasis, acid—base balance, and nickel
uptake in the freshwater pulmonate snail, Lymnaea stagnalis [J].
Aquatic Toxicology, 2014,150(2014):36-44.

Kubota T, Shindo Y, Tokuno K, et al. Mitochondria are intracellular
magnesium stores: investigation by simultaneous fluorescent imagings
in PCl12cells [J]. Biochimica Et Biophysica Acta Molecular Cell
Research, 2005,1744(1):19-28.

Kohen E. Flavin—dependent thymidylate synthase: A novel pathway
towards thymine [J]. Archives of Biochemistry and Biophysics,
2010,493(1):96-102.

Muyssen B, Brix K V, Deforest D K, et al. Nickel essentiality and
homeostasis in aquatic organisms [J]. Environmental Reviews, 2004,
12(2):113-131.

Atli G. The effect of waterborne mercury and nickel on the ATP ases
and AChE activities in the brain of freshwater fish (Oreochromis
niloticus) depending on the Ca”" concentrations [J]. Turkish Journal of
Fisheries and Aquatic Sciences, 2019,19(5):363-371.

Bougas B, Normandeau E, Pierron F, et al. How does exposure to
nickel and cadmium affect the transcriptome of yellow perch (Perca
flavescens) — Results from a 1000candidate-gene microarray [J].
Aquatic Toxicology, 2013,142(2013):355-364.

Lushchak V I. Contaminant-induced oxidative stress in fish: a
mechanistic approach [J]. Fish Physiology and Biochemistry, 2016,
42(2):711-747.

Kubrak O I, Husak V V, Rovenko B M, et al. Tissue specificity in



2350 LR 7 A & I 2%
nickel uptake and induction of oxidative stress in kidney and spleen of plating wastewater treatment [J]. Electroplating & Finishing, 2010,29
goldfish Carassius auratus, exposed to waterborne nickel [J]. Aquatic (6):42-44.

Toxicology, 2012,118(2012):88-96. [77] Benvenuti T, Rodrigues M S, Bernardes A M, et al. Closing the loop in

[64] Zahid S, Mustafa A, Dina A, et al. Nickel challenge up regulates the electroplating industry by electrodialysis [J]. Journal of Cleaner
CD69expression on T lymphocyte sub—sets from patients with nickel Production, 2017,155(PT.1):130-138.
induced contact dermatitis [J]. African Health Sciences, 2019,19(1): [78] Otrembska P, Gega J. Separation of nickel(Il) and cadmium(II) with
1460-1466. ion—exchange process [J]. Separation Science and Technology, 2012,

[65] Blewett T A, Leonard E M. Mechanisms of nickel toxicity to fish and 47(9):1345-1349.
invertebrates in marine and estuarine waters [J]. Environmental [79] Kern A M, Zierath B, Fey T, et al. Adsorption of nickel ions on
Pollution, 2017,223(2017):311-322. oxygen—functionalized carbons [J]. Chemical Engineering &

[66] Blewett T A, Smith D S, Wood C M, et al. Mechanisms of nickel Technology, 2016,39(4):715-722.
toxicity in the highly sensitive embryos of the sea urchin evechinus [80] Shao J, Qin S, Davidson J, et al. Recovery of nickel from aqueous
chloroticus, and the modifying effects of natural organic matter [J]. solutions by complexation—ultrafiltration process with sodium
Environmental Science & Technology, 2016,50(3):1595-1603. polyacrylate and polyethylenimine [J]. Journal of Hazardous Materials,

[67] Blewett T A, Wood C M. Low salinity enhances Ni—mediated 2013,244(2013):472-477.
oxidative stress and sub-lethal toxicity to the green shore crab [81] Tsai T H, Chou H W, Wu Y F. Removal of nickel from chemical
(Carcinus maenas) [J]. Ecotoxicology and Environmental Safety, plating waste solution through precipitation and production of
2015,122(2015):159-170. microsized nickel hydroxide particles [J]. Separation and Purification

[68] Meyer J S, Lyons—Darden T, Garman E R, et al. Toxicity of Technology, 2020,251(2020):117315.
nanoparticulate nickel to aquatic organisms: review and [82] ¥ ME W, 5% Y I, 52 P & . — b 4 2 4 B K b B Oy v
recommendations for improvement of toxicity tests [J]. Environmental CN105884078A [P]. 2016-08-24.

Toxicology and Chemistry, 2020,39(10):1861-1883. Qi YL, WuYS, WuP Y. A method for treating chemical nickel

[69] ZF B KA IR S5 ik e M) Jbal: R R, wastewater: China, CN105884078A [P]. 2016-08-24.

2010:24-28. [83] Jil% 4R, iK.Fenton AACFIBYEEIEILIN &AL IEK [J]. BT
Wu F C. Introduction to the theory and methodology of water quality HiAR (), 2020,49(2):158-160.
criteria [M]. Beijing: Science Press, 2010:24-28. Zhou Y D, Zhao Y. Treatment of rinsing wastewater containing

[70] AtARBH. AP [ 4 s AR AR 13 KK R FEERF 5T [D]. dbst:Hh E i complex nickel by Fenton process [J]. Electronic Technology, 2020,
JR AR, 2012, 49(2):158-160.

Du D Y. The study on water quality criteria of heavy metals chromium [84] %53 R .Fenton 54k —#AETTIE A B MR P K P 3 4 SR AR M 5T [J].
and nickel in China [D]. Beijing: China University of Geosciences B ¥R T, 2020,194(4):109-112.
(Beijing), 2012. Cai W L. Treatment of heavy metal nickel in electroplating wastewater

[71] FHERRE,F BR, AN, S AR o [ R KK AR AR K BUREHE oK with Feton oxidation and coagulation precipitation [J]. Mining and
A FE 52 W AT T (9], P AL KA A R (A AR A R, 2020, Metallurgical Engineering, 2020,194(4):109-112.
50(1):81-89. [85] Mt B, ¥ 108 22 7 g e v A FE P A S B P K [0]. FLBE 5 VR 1
Dan Z Q B, Wang C, Wang M J, et al. The water quality criteria of 2014,33(21):935-938.
nickel and the influence affected by water hardness to protect Cheng Z G, Wang X J. Treatment of nickel-containing electrop;ating
freshwater aquatic organisms in China [J]. Journal of Northwest wastewater by two-stage precipitaion process [J]. Electroplating &
University(Natural Science Edition), 2020,50(1):81-89. Finishing, 2014,33(21):935-938.

[72] GB 3838-2002 HhR/KIFEE i mbrtE [S]. [86] GB 21900-2008 HL8%¥5 Yt HEichruE [S].

GB 3838-2002 Environmental quality standards for surface water GB 21900-2008 Emission standard of pollutants for electroplating
[S]- [S].

[73] GB 11607-1989 {finb/K Fihse [S). [87] MBI 9,35 K75, BRIS A IR IR — S R BRIL SR W oA 8 DB A B8 5 R IR
GB 11607-1989  Water quality standard for fisheries [S]. K [3]. R AR AR RN IR), 2012,43(1):54-58.

[74] GB 5749-2006 ZE3GW /K LAERRHE [S]. Gar G Y, Wei Y Q, Qiu Y R. Treatment of wastewater containing
GB 5749-2006 Standards for drinking water quality [S]. nickel ions by polymer enhanced ultrafiltration with copolymer of

[75] JtiHRFHE, 4 T A, SRR IR A 27 00 3 vk [ WAL A 27 R B K P AR R 9 acrylic acid-maleic acid [J]. Journal of Central South University
[7]. FEESIR, 2011,31(5):44-46. (Science and Technology), 2012,43(1):54-58.

Shi Y Y, Xu Y F, Hu X G. A Study of recovering nickel from [88] /bW, R A, /7 4 BE, S5 AN B AR M 45 o0 35 B AR B PR ).
electroless niclel plating wastewater by chemical precipitation [J]. JRARFIH A, 2010,36(8):92-95.
Electroplating & Pollution Control, 2011,31(5):44-46. Wang S M, Wang J Y, Lu H X, et al. Concentration and separation

[76] SCHEE o B H AR AAE B AR IR A AR B A (0 R [9]. L S R A, nickel wastewater by nanofiltration [J]. Technology of Water
2010,29(6):42-44. Treatment, 2010,36(8):92-95.

Guan Y C. Application of membrane separation technique to nickel [89] ¥ A 28 4l Y& b F A 4R R K R I FT [0]. e BCEAN Tolk 2E B2



7 A BRI R R LS B R RN S

2351

[90]

(o1

[92]

[93]

OB, 2009,17(6):73-75.

Xue L P. Experimental study on nickelic wastewater by nanofiltration
[J]. Journal of Anhui Jianzhu University, 2009,17(6):73-75.

Ricei B C, Ferreira C D, Marques L S, et al. Assessment of the
chemical stability of nanofiltration and reverse osmosis membranes
employed in treatment of acid gold mining effluent [J]. Separation and
Purification Technology, 2017,174(2017):301-311.

BRI S BEBARTE B R U B K T ORI A o i 1 P —— LAV L
D AT L2 ) B K RDORT R 40 (0], 5 B iR EOR,
2015,33(3):95-98.

Sheng X. Application of membrane separation technology in the
recycling of nickel-containing electroplating wastewater — an example
of recycling electroplating wastewater from Zhejiang Xinghua Battery
Co. [J]. Pollution Control Technology, 2015,33(3):95-98.

25 B L RE BCA . T A Bk A S DO R B R R S
[1]. 5428, 2007,8(S1):75-79.

Li L, Wen J K, Ruan R M. Research and development in recovery of
nickel from solution by ion—exchange [J]. Precious Metals, 2007,
8(S1):75-79.

Moo I B AT, A T AT R A B R SR K BT R
[7]. BT, 2019,48(7):1675-1680.

Yang H, Huang X, Lin Z Z, et al. Research progress in the treatment of
heavy metal wastewater by ion exchange [J]. Applied Chemical

Industry, 2019,48(7):1675-1680.

[94]

[93]

[96]

[97]

[98]

Godyn K, Dutka B. The impact of the degree of coalification on the
sorption capacity of coals from the Zofiéwka Monocline [J]. Archives
of Mining Sciences, 2018,(63)3:727-746.

FRARA, R 25 B T A A L R AR K LT
[0]. Tk 453 4R, 2013,39(12):13-15.

Lu J L, Cao L, Zhou H Y, et al. Nickel plating rinse wastewater
treatment by Industrial
Environmental Protection, 2013,39(12):13-15.
TRGME 2 B AE BT G R K TR (7], AR,
2014,34(6):991-993.

ion—exchange method [J]. Safety and

Zhang J H, Shi Y. Research progress in adsorption treatment of heavy
metal wastewater [J]. Contemporary Chemical Industry, 2014,34(6):
991-993.

Pomazkina O I, Filatova E G, Lebedeva O V, et al. Adsorption of
nickel (II) ions by aluminosilicates modified by poly—1-vinyl
imidazole and poly-4-vinyl pyridine [J]. Protection of Metals and
Physical Chemistry of Surfaces, 2018,54(4):582-586.

Mende M, Schwarz D, Steinbach C, et al. The influence of salt anions
on heavy metal ion adsorption on the example of nickel [J]. Materials,

2018,11(3):373.

TEETRIY: 0 T(1998-), 2o, AP AL 8 R0, 3 T Sk R 4
Y L5 R P, K A A P SO S R I3 M BR AL ST R 183 1 7.



