F185F1H2024E1H

;/T‘ fﬁ — gi é j& Vol. 18, No.1 Jan. 2024

CHINESE JOURNAL OF ENVIROMENTAL ENGINEERING

@ http://www.cjee.ac.cn @ E-mail: cjee@rcees.ac.cn G (010) 62941074

DOI 10.12030/j.cjee.202310069 4RSS X52 SCHRBRIUS A

W 5 2R ) o 2 BR R AT UK b R A PR B 5 AL )

BRGNS BEE, B4 R LRE %
L [ R 27 B B i e 5 B SRS A TR R K R SRR S, AT 2100085 2. BRI AE, JEat
100049; 3. 1 U PE IR FERHEATBR A F], F &L 210000

B E RN, ATFEUEE MR FRRRPED T/K (acid mine drainage, AMD) EAT S (U RMFFA (BRI FH AT 5%
IBCHEFRIE | XA WRAF AR 7885 4 R SEE ML, SRTCHAT AMD BEBUKAE R AESE pH B9 AMD JKBE PR L BRI AE
EpLH . Z5RARN . WoRAE YU RAFHHE LBRAE S (112.38~235.45 mg-g™) , Ho& A F 5 MRS LR T2
KREZERVEM, Al b AEIE R AMD ) pH {E, FRIRRAERAET) s Wil S5 E TR e, Tt 5 &
o WAL, WG R BTORR AL | SRS RE I A 4 AR P R B T DR RO T SR W B IR AL A
FIFE S 1 AMD BUIRRA | ATHEB 2 S fit 7 IS .

KR T YUK; W EYIBG B FTs BERALAT

FRE—METAECE, KINEMEREIIEoE XN, e 8248 0.1 mgkg ', FESH
YRR TT R DML B YIS TE . YRR . TNER . BT S5 S i A T R A A ™= A i
5K (acid mine drainage, AMD) i % & 4E Rk L0, W XL, IOK St KRS i
IR, T2 R RN AT R R R 0.43~3.10 mg LY, it 3R (AR HK T AR FRE )
(GB 5749-2022) "4AFR{E (0.005 mg-L™") 85~619 458, AT UL, & AMD CBUME X oK 175 4L 32k
VR, A SR A 25 S A BRI XK B IR o e ) — 00 e APk

AR, FETHRNE TAVEIF=Y) . Al & 57 Ii AR R AMD AbHEERFS AR RO 2 () S,
MARRE T <LARIR P I AT REE & RS . FRERAK ™ A =R S K, AR B H 7o k™ i T
PR IS 8.4x100 t, FEAERMF . W AW (I, WARAMEER) 2 2.5~3.4x10° ¢, FHiH{Y
3%~10% PFRHALAIH, HAMGCSIER AN S, REd Rt IaiR 2, Smib & As, ol fe SEOrTEIE Y.
AR E R R RIRES . PR . BETMIERAL, AMATE IR AT AMD fREE, tnlfENE
SIRBEFIIGR, EEA N HIFTEE AMD BEMENY, KONG 5 FIH S #irs2 ok K hiyah, &
KRR 318.0 mgrg ' 245 @i HAe I AL & T 5EBR LS I, & B HH R B A K s
W B ik 28.5 mgrg™e HU %51 F R R RS2 BB 5 M 22 bR B K A AR R4S 25 1, e R Bt 43 1
676.2 fl 120.0 mg-g™'c MR, HATHHHARAEY R EBRESRIIIRCA AL, [HREZHWTESIEDH
FERIGTRBEAIIGN S, T BRI E N Z IR A EME R & S EHAE N AMD BHoEEE I, Jf
HXF TR T E AR A KR B SERIVLEI AT, IR DI Rt

AR T 4 P H WA A0, AFRIEEIER . XTHF, WidRRR FiEsT, e T HFZRS,
FAE AMD BHUKAERMEE pH 1Y AMD BHUUKAE P ERITHAT R 2B IERE SHLE], i AMD SR KikiE R
TE R AL AR

fs BHEE: 2023-10-13; FAHHA: 2023-12-15

EEWH: LHE ARPSEARITH (BK20210995) ; EF AAR 2L AR H (42207093) ; =84 FHEIT R R 5 5
(202203AC100001-02) 5 JLI544 “wi #IT4] " % BT H (2022ZB459)

E—1EE: TWHIE (1999—) , &, Wi-LWFS L, jlayufei@issas.ac.cn; DRBISIERE : WA (1964—), B, W+, #F5 K,
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1 MRS5S EE
1.1 ERSHR

WilR R (CdSO,-8/3H,0) . Jo/K LM%M (CH,COONa) . VKBS (C,H,0,) . #hR (HCl) . A& AbiN
(NaOH) ¥ 50874l bt BiE T E SRR # 5, SCoad Fe P i B ek B s . AT T
FYFEFEINR . XPHER WRERFIR TR F IR S T e A A TR A F
1.2 BEEYIRRTAE

BRI S E Y 2 B PSR, SREIEAE 55 °C THIRSEX A P = HE, THEEMH
seEYI L (XS-25B, IR IR ATBRA R FTEER AR, A58 100 B i, FrisslnmR
FESLPRAFAE A B B4
1.3 BEEMRERS DT

FREL 20.00 g ByACR A=Y T 500 mL bebhH, SRIGHEEI L 1:20 B ELFIIA 1 mol-L™" HCI %
W, IFETRSPFERS ELL 150 rrmin™ AUBCRN 2 he SOV EHEMIR AT E 50 mL .08, I
7E 5000 r'min”' FELL 5 min, SRSEERE FER SRAYIHZLE FAKEYE, BB, ERJLIKEZEEM
W pH (HTEE . Bk R YER B VS E PR G T TR EEE, ek TR . R R AT
FR S A ) o o e 2 T SR A S B R 5 1

TFRBUBAS S A AR YR 10.00 g T 150 mL A, JIA 100 mL ¥4 2 mol-L™' NaOH i
(1:20) , #EFESA), BCEEE/KBIER 60 °C [ 2 he KRG EOO B, RAYHEE FKERT
e, JRRELE. BRERARYIARA TR ENEE, RO TR SR, SRR SRR, AR AT
JEAR IS T AR AR A AR R
1.4 RRIKRFRSIE

FREL 1 145.4 mg AIRREEEIRFI T 500 mL Bebrr, IMA—EARFIAY 10 mmol L' SALENATR, FHB R
PEFE B R, BRI ARG 2 1000 mL a0, PR REENARGEZS . 1RET, B
WA 1000 mg L' FRER, SRS R BT s o it— AR H 52 A o PRS4S04t
PR 25 PR ES T RBRIEm , ADFSR T THEE pH 40 T AURR LBREEE . fHE pH ARSI R
HERIREFIA T pH o4 4.5 (N FR-CIRENZE MR . pH o 4.5 1) L FR-C TR iR 18.00 g 1Y
BERRARA 9.80 mL AYVKEEIRIR A1 E /K F B2 1 000 mL Bl M45 . pH K 9.0 BYBIIAR -S04 A 28 rhif 2
3.09 g MRS A 500 mL 0.1 mol-L™" SEALEIAW, FHIA 210 mL 0.1 mol-L™ NaOH %W, 1RAIMIfF.

B AL . BRI 100.0 mg A RE T 250 mL HIEPLFE O, MIA 200 mL 48R N
20 mg L™ AR, ARG RBOIUE T 150 r-min”' (/KRG RS, TRE R 25 ¢, W 3 AN EE K,
TERBEE] A 10, 20, 40, 60, 120, 240, 480 min M P SHESME 15 5 mL, @it 0.45 pm gk
UE. UEWH 2% HIRIRAL, SR INERmIRARIREE . SR —Rah i2e0r ke X () It = sl Ji2eore (X
(2)) BRI LRl 2mad i, I RS EL

i = Qe(1—e™) (1)
_ Q?kzt
0 = 1+0,kyt @

K O, WTE t BNZIRRMT &, meg-g™'s ¢ ARMATE], min; k. k, R

SEIRSIES . MR AR RS, DASRRTEIREE /3 5. 10, 20, 40, 80 mg L™ MBI, HARE:
YEJTIERLE,, SOWESEIA 8 he SRA] Langmuir %Y (X (3)) A1 Freundlich £ (=X (4)) BRI LBRISHE,
FFITH M R A S EL

QmKLce
e = 3
Q 1+KLCE ( )
Qe = KFC;M (4)

X Q N Ay CA MM, mg-g™'s ¢, ARFEIIIERT Ca B, me- L™ O, JHRIK M
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1w, mgg'; K b Langmuir W40, L-mg™; K, & Freundlich W40, mg'™L"g"; n FHEL
1.5 BiGVIEE pH FEEE TR ERRIR

K3 0.1 mol-L™! NaOH #1 0.1 mol-L™" HCUKH AWM HE pH (70 E T = 3.0~9.0, LATEH AW A
pH {EXF 58 R B A5 . @R N 0.5 gL' BH ST R SN A IS4 10 mg L' 48A1 1, 5,
10 mmol- L™ 81, 5. #h. SERIRGICD, PEOH WL X LRI, b TR ESEE AT U
O SR Y O A A A JE KBRS, AWFIIT R TIR AL . BF . BrAEAN L 5RS08s. o |
BEL HIREETCE S SPR AMD HRAEYS, O 1 mmol L, FRABTEIKEL[FACN 10 mg L
1.6 DS

VR Y B B T IO AR R P BRI B A5 B TR R B 6% X (ICP-OES,  PerkinElmer Avio 200,
USA) MlxE, SoeRETt (ug L") KT Ao B8 o f vk B R FH LI 5 45 B8 IR T3S (Y (ICP-MS,  Perkin
Elmer NexION 300X, USA) M€, %A pH ERF pH HiH% (STAR A214, USA) ill5E.

K X BHRATSMY (XRD, RIGAKUD/MAX 2550/PC, Japan) 437 52 B 5 F 5¢ 2 W0 i - My A 20
o R HFEBR G RBHE A H] (ThermoFisher Scientific) B~ i 284521 461X (FTIR, Nicolet iS10,
USA) ZH7 R0 i fE B e i B R AR Ak

2 #ER5THS
21 HFEEYIRERS

JLFEIMR . XFHR . WEER RIS TR TR R RS A DO s COWE% OO AR
AN 52% . 67%. 58% i 62% (K1 1), ¥ T 62% B |
1l 50%, St P AYBRIRES P i (56%) A, H. B
FiFARR G A B T A e L] 2w ]
P, UL e AP BRI TE IR, AR XSS 67% [ 2% b%
BRI | MBS RN A AMD PREE, T S = T

H pH . ARIFPSEHFEAY T H e RS 2%
SRR, N 14%~34%, ST AIGE B45 AL
AR, FIAEF S ME AT, IR, A
2] 4%~34% .,
2.2 BAREYIRERBENFENFRLZ
RV A BR A FE S AT RE A B G AL IR, SR — ORI Rt 3l g 2= a5 R v b,
Il 2(a) F15R 1 . 4 PP SEAEY ORI 2SBRAE T A7ERI 4G 40 min WIREISHN, JF7E 120~240 min A
FPPAT (K 2(a)) o SATAIGERHFEEMEHELL, AW H e A O 54 i RBRECRE & 7, WG

0%  20%  40%  60%  80%  100%
El1 BRTEYIREES Gt

Fig. 1 Proportion in composition for each crustacean biomass
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Fig. 2 Kinetic and isotherm model parameters for Cd removal using crustacean biomasses
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* 1 BREMRERBIESNFMFREIEESY

Table 1 Parameters of kinetic and isotherm models for Cd removal on crustacean biomasses

Ph—RARHY T AR
AL 2 2

Q./(mg-g™") k/(min™") R Qu/(mg-g™) k/(g'mg” b R’
FLFRIUF 18.914 0.255 0.930 19.015 0.090 0.984
POEIN 18.919 0.295 0.823 19.134 0.077 0.973
LIS 19.300 0.363 0.993 19.347 0.155 0.997
BT 18.926 0.071 0.942 19.295 0.018 0.968

Langmuirfi 7 Freundlich#f& 7}

Quar/(mg-g ™) K /(L'mg") R K./(L'mg ™) n R
SERR R 116.038 0.261 0.971 28.195 2.494 0.866
POLIN 235.447 0.099 0.983 23.973 1.504 0.803
LI 116.204 0.131 0.994 15.440 2.011 0.867
e 112.377 0.199 0.974 17.995 2.106 0.872

By BEH e AR R R G A S E R, AR TR YUK BER R R, XA RE R Uk LR 5
o BffE, e FRRBRLIRFINY RO, KBl EEREL, 8h A2 R s LR SR i 2
BEATRE R I BORMAN 1L MRAEAOCRE(RY) , 4 A A sh J15da 3 5 0 — s A5l
B, R (0.968~0.997) R TIh—RIERL (R* = 0.823~0.993) (& 1) , RUIHSEEY TR THY R
T T B2 R o 5 IR S R T P S A AR R B s o 4 R RS2 AR W OGRS B B0 12488 (k) 22548
K, K 0.018~0.155, XATRESHRIFAE LA SR EFA K, (BRI ARGERZE R,

4 Fofr FE 5 A W o BR AR 1) S5 IR 28R A Langmuir 1 Freundlich #2845 (] 2(b)) o R ER,
Langmuir £%! (R = 0.971~0.994) [t Freundlich #%I (R* = 0.803~0.872) Hhf- ik T Ha1e 7o -9 i 2R i
MIEBRATH (£ 1) o Langmuir SARYEGEWH A AR BT, FOM 2R RS Langmuir #5705 15
R DR TP 5 R RO B 43 B WSS 235.45 mg-g ™! > WRIFFE 116.20 mg-g ™' > FEHEF 116.04 mg-g!
>R 11238 mgrg ' (R 1) o FHELTSCHRHHABIR B FR BREER, ABIgEH 4 FHS2AEY A
BUFIERZSBRAE I, WIIL, DIME . BRI H e A Y BUR— R R AR S Y KRB Z L
2.3 EEEYIREARENE

FHRGT B 5 A ) R B S5 T L BRAB O OMBIL , ASBFIE 430 7E AMD #E4ELKRE K 1 %E pH )
AMD JKAEHFHT T HRBRSCR, HRA X S S SR E S AR 2T A SO S 1 i (9 R e A= ™
YA E REA AR T 5007

BLKFEERRIIA B 10 mg-L™', BI4h pH K 4.5, S 5IIMAFIER R 0.5 gL' Y 4 FpIEIEHI %
AWIE RV 40 mine BT L IER R AR AR TEIREE /3 1.006~1.195 mg L™, ZBRRZN 88%~90%
(K 3(a)) « RN pH H ETHE 9.0, XIHE TS24 Y5 P RSl i AV E ] . BRIRES: 8 i Hh AnfE
FHISFER TR (HY) , 8 pH (MR 4.5 FIHZE 9.0, S5 TS T iTsrkm, Ro ek
W BRI, TEEBMEAR T, e ERehe ) RIS, SRR EAZRE ", 1A, FERE ST, ik
TR 1 1] S S N A BRI e, e RO LBk, I, MIENHRIRES AL e Y
Fpid R RAEVER, RS e A Y BRI E pH AMD ZKEE R TRIFE S R HEAT TR SRR Sis . 45
R, FIHRPRRE TR A R A R 7.870~8.099 mg' L', EREN 19%~21% (Kl 3(a)) o it FE
o pH (EXPRFEE, N 4.5, BB H 7 AR P N ERIRES A e g AR R eI R . R 725
TSR T AR LB R TR KSR PRI T2 69%~71% . FBR 28R = Bt T-HV D RRIRES A 4, AfE
A A R RER DT UTE Mo P45 pH (ER AR B TR RE R R TR0 50k IbAh, (ERELRH e
YIRS e AR Y AE pH oA 9.0 BRI P IEA T TR L BRSEE0 . S5 3R1, Tt R IRs e A s &
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100% 100%

BB KR U2 Jshi e Ao
8 B RO Y ZE i pH = 4.5 RRRRY M5 FF ' A 9y B
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W XX odode [RXXS Sossesd A % R34 R
% RO R (KRR RS 2 (KX . [oosed ododed
P KL [RXXS XXX KX R KKK KTX D08 1RXXd
KRR R KRR RRXS [Sosese! KX RXRA RIS
I KRS RRRKT R [RRRS RS RS oot KRR
44 UKL R R KRR 4 RIRA RN oot osese!
40% g RS B B 40% b hooe P s
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R KK KX (R [RRXS (5 XX [ootod
S I 35S A 0o to % I e Se%e x4 XX KRN oS
R R K] K] (e [ososes oseed Nososel
09 LI R R kK] 0% KXY KX R X
£ i L FE : L T ’ : : : £
S XPEF WEER PR TR SERIER AR WEEE AR T SEFHF ROE LA BT
5%y E 2 e — E (= - 2 iy — E N -
(a) KIETIR R FE W (pH =4.5) 1RFR LBREEET A (b) ZEmil (pH =9.0) KR EBREGECRNS L

3 TREIRMFRPIHERGIRLE

Fig. 3 Comparison of Cd removal efficiency in different reaction systems

WRESHRSEAE T, ROV pH (B ST ERA —3 MLTIRGH 2, TS H e mo i e 1
M EBRBAER T 23%~26% (K 3(b)) o X KBRRIIBEAL T ZIE TS H 72 AP A R 550 B 25 BUkiR
WSS, FRWLETE TS0 XRD T FTIR 45 is3iE 8 3,

YT IR . XTHRFIMGAR 3 FERFE RIS AR, AR AUR/RFEFEIERF) XRD A1 FTIR 455,
Bl 4(a) B, TEBRIRERSERY XRD B HAATE 2 280, A T 20 =9.33°, 12.71°, 19.26°, 20.81°,
23.37°, 26.34°(VE Y 6 MTHIE, S3BIXIN o-FFEERM (020) . (021) . (110) . (120) . (130) F1(013)
ZEERECY; WA T 20 =23.00°, 29.39°, 39.34°, 43.00°, 48.45°, 57.30°(iE ) 6 MATHIE, J3HIXTIN )T
A (012) . (104) . (113) . (202) . (116) F1 (122) fim, X i BS54 ) =250 Wk 5 A A
R, 5EMSTEER—8 RN, O s ms ARG, X aetih TH 5%
A R RIERES 5 AMD AU BT (HY) KA A E R EAE S0 . ., 7EBIRR NG 1Y
ST XRD EEH (B 4(a)) , 7F 20 =23.485°, 32.902°. 36.415°, 49.908°(i & I T 3 A/ NUATH
W, ARSI TRREFREREY (012) . (006) . (110) F1(018) flilfi (JCPDS-1342) . X UiHlA # /MR 15
e IRRIRES SN, A ISR AR 0% [ e AE AR R T, AR pH BN RN e, W e
T BRIR S 2 P BT (HY) TMAE5AL, PRI XRD G BRSO A, IF H. o- A Z I
VAR B E R (8] 4(a)) o BESTRVATE Y XRD EEAREHSIRREA—2, g o-F7%E . Hifa
FRRIR AT A BEAT B InAS (K1 3(b)) -

v a— JFURIFSE a— FUREST

b—— HF5E+K TR v b—— st K I

¢ —— HF5EHE I o —— BESTHR IR
VHZCR ¢ A BRI VHZCR ¢ A BRI

*
* b .
b - . * e e 4,
*
4 ¢ 4 0 s R a + PO
10 20 30 40 50 60 10 20 30 40 50 60
20/(°) 20/(°)
(a) HFFE N AT A XRDE (b) 8572 IV 11T i XRDIE

4 RNATERFEMERE XRD B

Fig. 4 XRD patterns of crustacean biomasses before and after the reaction
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—, WH, FERNEHFEAEYFR FTIR EiEH 660 om™ BT 1 A/MATIIE (K 5()) , HETF Cd-
O Mh&dIRs), X ATRERMES T SRR B REAIAH AR AT R0, U i8S il S E R
MR E, BEFE R ATAERY FTIR FRESERFefEA—, ERNE BRI TR L Cd-O Y4k
2y, XA RESE I TR R TR, ARz ISR R NI

VT coC . &
NH&OH C=0 —— AT OH - s
—— MR 5% K
L 1 1 1 1 E‘Il:%hkéﬁ‘{I'.I-Ii/ﬁln L 1 1 1 g%%+g£ ‘(:.I-lm.
2000 1750 1500 1250 1000 750 500 2000 1750 1500 1250 1000 750 500
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&5 RNAIEREFEYIRLN FTIR Eig

Fig. 5 FTIR patterns of crustacean biomasses before and after the reaction

2.4 A pH FEEEFRHRERRIFAT

WRRILG pH (XS 4 B Fe LWL BRIGES TR B0, W 6(a) B (LUERATERAH]) o X 5
JEH TH AT & RIS (52%~67%) » RMESWRILG pH {0 3.0, A MRt se ik
SRR R, R pH {H B 9.0 Zcfr . XU e AW BOUHGE HI T3 G i B T MK Y
BRE . mTRHFe YR BN T LG &2, SRR B R LERECRINE 6(a).
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Fig. 6 Factors affecting cadmium removal performance using crustacean biomasses

BROAS . EN, BESEHE TR G ROK TR R WA ERRE T, R, ARG T X I ARSI
WEERE (1. 5. 10 mmol-L™") FXFHFEAY BRI . G558, 78 3 MREME N X eI 7
TR A R TC BB R T4, 7F 10 mmol L™ FERIIER T S W4y 22543 (&
6(b)) o XUt FEA AR & SRR K B T A BRI ) o (BYIR R e . B
WAETAE, MIeEYTA R LSRRI T 219%~45% (K1 6(b)) , UiHIAR . £%. Fmbl T R m st
FARRR, XATREE T EHRDCR Z M A T35 I BER .



55 13 BUARAESE : W Fe AR W B BRI YER Bk T AR A PERE S HL ) 195

3 g

1) HEeAEY s SR M sc R, BEA N TS SRR SUKIEE AR, XHRBREE T ik
112.38~235.45mg-g "',

2) TSR RBRad e, RIS A o ANMAT i ik rh RV E T FE BT Sk pH (E, AW e B e
FRETARACA R, W] SR e T 2 E R R e fE A F 7o AR W TR I [

3) WA, MFERAS: ERYIRHEOLGAEREE | SO E R AT S5 TR A GVE . AW e
YIBAE AMD TSI N I RERIRLS, AR BT AMD SR8 AT HFEUE B GBS S A
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Abstract  Using low-cost and sustainable remediation materials to treat acid mine drainage (AMD) has
important scientific research values and application potentials. In this study, four crustacean biomasses including
Metapenaeus ensis, prawn, talon shrimp and swimming crab shells were selected to explore the performance and
mechanism of cadmium removal in simulated AMD samples with and without constant pH. It was concluded
that crustacean biomasses have excellent cadmium removal capabilities ranging from 112.38 to 235.45 mg-g .
Their abundant calcium carbonate played a crucial role in the cadmium removal, in which not only the pH
values of AMD were increased by neutralization with reduced cadmium mobilization, but also the cadmium was
stabilized by forming cadmium carbonate precipitates. In addition, a large number of hydroxyl, carboxyl and
other functional groups in crustacean biomasses can also capture cadmium ions through the complexation. These
findings provide theoretical basis in promoting the resource utilization of crustacean biomasses and the low-cost
and sustainable remediation of AMD from abandoned mines.

Keywords acid mine drainage; crustacean biomass; cadmium; shrimp shell; resource utilization
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