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Environmental Toxicity of Waste Foundry Sand

ZHANG Hai-feng', WANG Yu-jue'”, WANG Jin-lin’, HUANG Tian-you*, XIONG Ying’

(1. School of Environment, Tsinghua University, Beijing 100084, China; 2. State Key Joint Laboratory of Environmental Simulation
and Pollution Control, Tsinghua University, Beijing 100084, China; 3. Department of Management and Economics, Kunming
University of Science and Technology, Kunming 650093, China; 4. Department of Mechanical Engineering, Tsinghua University,
Beijing 100084, Chinaj; 5. Chongqing Changjiang Molding Material Group Co. , Ltd. , Chongging 400700, China)

Abstract: The metal leaching characteristics and volatile organic compounds ( VOCs) of five different types of waste foundry sands
were analyzed with the toxicity characteristic leaching procedure (TCLP) and head space-gas chromatography ( HS-GC). Microtox™
and soil dehydrogenase activity (DHA) tests were then used to evaluate the bio-effects of these waste sands. The results showed that
due to the different metals poured and casting materials used to make the sand molds, there was significant difference among the five
waste foundry sands in the compositions and concentrations of metal and organic pollutants. The concentrations of Fe in the leachates of
iron and steel casting waste foundry sand exceeded the maximal allowable concentrations specified in the National Standard of Drinking
Water Quality, whereas the As concentration in the leachate of aluminum casting waste foundry sand exceeded the standard. The five
waste foundry sands had quite different compositions and levels of VOCs, which resulted in different levels of inhibition effects on the
luminescent bacteria (30% and 95% ). Additionally, the soil DHA tests suggested that metal pollutants in waste foundry sands may
inhibit the soil microbial activity, whereas organics in the sands may slightly promote the microbial activity. The results of this study
indicated that the waste foundry sands may pose considerable threat to the environment when improperly disposed.

Key words : waste foundry sands; toxicity characteristic leaching procedure (TCLP) ; volatile organic compounds( VOCs) ; luminescent

bacteria; heavy metals
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Table 1~ Description of the waste foundry sands

Hedh et R i
B A Pk R HIRE D, S0, [EfL
KRS B ek B URD BN B EE R R R
PR ¢ Heth FAIB T W RS N 7 P
R D bzl By s
R E ek WK B RSB

I A b BT R4 X BB 3 2 mm G S AR
17T 4°C (R vk AR PR

JEA IR L RAE A T ARSI SR FH B 5 R G
TRy, A Al AR K AR E A N 3% .
1.2 STk
1.2.1 b b 4 s il 2

TCLP 272 35 [F P88 i 19 T 77 f [ 44

ST TS e R AT R s i ik
EL 4 A 5T 3 Tk 58 3 PR D Hh 4 SR e R 1R
AT R BRI B R I AU Y, 2R
JE A Sl K= W, R R 1120, 35 B # 42
UM [ 2 e o b, ZE = T (200 £4) remin ~' g
G EL (18 +2) h. $EHUES ]S, K #F 4 10 000
remin " B0 S min, BIEWGEL 0. 45 pm JEAE T UE.
WO DRI, I I SR BB VR Y pH AL TR T IR
pH {EfiH: <2.0, B A 4°C KA IR B E. K
HICP-MS ) 5 38 4 i % i

1.2.2 BB IERS A A AL I

T 25 A 3% BT 3% 7% ( head  space-gas
chromatography, HS-GC) % Dungan 2" [l fiE.
FREL S g B8535 IR WD 20 mL 3EFS TH 2 A, fin A
10 mL H ) 2% 6, 8 i IO A0 v 9 4% % 1 L
Wy, 885 R B shitt e i =0 B B 5 AU (-
BE (I GC-MS QP 2010 ) {743 25 FAG .
1.2.3 RN A Yk B e

B R RNR TR A ) B MR SR F Microtox ™ 4%
ARAG 207 B A R, P, AR SR A, B
Iz MO TR R I R B R D Y 4
J&. A HLTG e B AR R A IR
mr.

(1) HEEDRBBAHEZTESW 121
W R T REE R T AR K AL G v
PR 1:417,

(2) BRI H] 3% NaCl %80
RICHEGR T B R 2 — e R 5. W
96 FLEGEFRAR , AR NI 100 wL 735 AR SR (R
RS (1) 3= W, 6 B R H W NaCl ¥ i o 4 &
3% ) }¢ 3% NaCl #W (FIPEXTAR) | I 100 L i
BERBOIMAAS L. PR AT, -G E 30 min
WA KGR IE. R AT 2 k. I &5 S AXE
TR 2 VGoR B AMHR FR.

1.2.4  HIEREGTE LS

H90 g( ) > HIREW (LRI LI 30% )
A 250 mL 250 A, 8 R S K Y 22%
(R FKE 50% )  apaliss 37, B F 25CH
Behdige 4 . MR EREEG 50K, R
SIS PR VonMersi ') Al Dunganm] SGER T
BT, BARRAR Ny SSRGS PRI 0. 65 g( T
R 0.5 o) WHIRAFEFET 50 mL B0, A
0.75 mL Tris Z¢ %W (pH 7.0), 1 mL 5 mg-mL ™'
OB AR 5L IO Mk %8 (jodonitrotetrazolium violet, INT) 1
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2 RS

2.1 RS

RV T pH (E 5 4@ & & o i 45 2R
WA 2 (B 5 —5 2 SCHR [ 21 ] HLE 1Y 4: 8 2 ¥ i
KAV I ) . NEEET WIER pH 22555
K. BRIERD C 32 i 52 5500, Ak T b K R 5T
SEPRAERLE % pH JEEI N (pH 6 ~9) , HiAy 4 Fhiék
AP pH ¥ X —JE . o ERP AL B
D MHdlE, MER E R ME. X FEREFNAED E
SRR IR B D, A 3 78 o] 0 2k R e foft R R Ak

R2 HEEWER

Ry ER SR R B R S T REE R
W, FEOR AR YE. S EW Ly 1:20 B, AP
N N 72 vl =B Rl 1 R 53 A N N B U )
FOKIAEE T AR AERLE MR . (A2 BRE R IR D
C b, Hoagx 4 FhZ bR il h () Fe 85138 3 3¢
BRL21 T H0E (9 B, 3X 553 4 P2 A0 19 8 1 4 )
RN . AN, ERD C IR As
JERD E R P A Mn B 00 v R R S SOk
(21 ] B Y s E.

JERD R T 4 A 2Bk H DETE 4 R RN 1 UM R
2. RED C e As BB AR YR R T RE S R C
(B8 e IREBANA L. BT As BT LR
BERGE 7R IR 2 5 K2 e, 24
Vet 4 B Ol B RN 85 R B (B8 T U EE 1450 ~
1600°C) ,As G R HE R 2 A S BES )R
AT, BT R IR BRI (700 ~ 800°C) , As 1Y
FER BB/ FREBIERR TR L. HiL, %
FRIER (JERS C) hEREE TR M As SR .
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Table 2 Concentrations of metals in the TCLP leachates of waste foundry sands

i H PERS A BEkb B PER ¢ PERS D JERD E Ho ok 2
pH 9.79 9.81 7.28 10. 43 3.13 6~9
Mg/ pg-L! 4560.98 6125.98 330. 58 95.48 2654.98

Al/pg-L -1 16 620 23900 81.05 1890 7 600

Fe/pg-L -1 9 388 10180 36. 87 611.7 23 550 300
Be/pg-L -1 0.16 0.19 0. 003 0.03 0.27 2
B/pg-L-! 40. 16 47.08 ND 21.08 2.32 500
Mn/pg-L -1 24.28 31.61 4.27 9.04 126. 80 100
Co/pLg~L’1 0. 67 0.58 0.02 0.34 6. 60 1 000
Ni/ug'L" 1.12 0.90 0.77 1.96 12.29 20
Ag/pg-L~! 0.13 0.09 0.06 0.13 0.01

Ph/ptg-L’l 1.71 2.13 0.49 1.38 5.13 100
V/pLg-L’l 16. 16 13.3 0.31 7.16 1. 11 50
Cr/pug'L’1 2.97 3.909 0. 46 10. 63 11. 68 100
Cu/p,g'L_] ND 0.40 7. 66 17.38 1 000
Zn/pLg~L’l ND 2.65 7.67 ND 152.21 2 000
As/pg-L -1 16. 87 17.57 236.73 4.77 1.54 100
Cd/pg-L-! 0.03 0.04 0.06 0.02 0.23 10
BsMpg-L" 24.91 28.21 6.26 1.72 26.1 700
Sum/pg-L -1 30 698. 15 40 354. 64 705. 603 2663.1 34 168. 65

1) BRI IR B R 1% 4 i A R A o SR [ 21 ] MU oy K AL 1A vk 3

2.2 ViR TR AN HILTS B 04 E PEAGI
P R B R A LTS T ) A 45 2R
FW, AP RD v 5 B A HILTS e 22 0 R (3R
3). XL HLIG YY) 1B i R R R A PLY)
(it | BEIERRAST)) A= Ae . T IX 5 Mhde
T RO FH P B4 T DR AN [ At 7= 2 1 A L
TGP PIAT BRI 20 Ak b A LTS

Q& iR S A SRR EREA G A
WFFE I, Bl B Ay |, B T A v 7 A O R 1
AT YL o R T e xR
A BILTS S & 1™ AR OB R, AnBG 1 R/ | i
TURRD R AR BB BERD A B | A7 A i A%
735

PERD A rho I B i 3 2 R A PSS



3

SRIEREE Pl TR SRR TR ST

1177

HFEGEY LAY, £ A RNZE. XS
SCHR[ 31 ] 4l v s G IR b JA A 7= 1) T 22 K R
PIm 4 R —2; 00 BRI ) i 21 i % Ak
AP RED EEORNE 5 R, 53
HR[ 24 J45E A ROR PR 25 05 e ) 2 B R
RS MY &, e M UT &

PPV R , P 2 phy A28 P g R AR i 1 o £l 1 ) i £ 551
7S D Jee i 7 A L RED D b S e A
AN WOR WEZE g E R B AP I E
5 S A WL T B B B SR B T R R W), ik
ANKMERT ) S — B IR R Gy, Hoh R R Y E
S P PR IR RS 0 BT P ) A IR [ A 5 7= A ik

W C il 2 B AR ML D, RN

R3 BEEWPELZEENM(VOCs) WE ST

AT A 00 DU o R R AR i A = A

Table 3 Qualitative results of volatile organic compounds in waste foundry sands
B g LA f e AT B e AT N PSR
FRPA 1 L EETR glyoxylic acid ERP D 6 HIZE toluene
2 ZEAEEE trichloromethane 7 IR AR -S- (2-F 4 k- benzoic, acid, thio-, S-( 2-
30 0K benzene L) Bk methoxy-ethyl ) ester
4 R toluene 3 L-ifi &2 , N-H S| 1-proline , N-methoxy
5 2-FANHER (2-chloropropyl ) benzene k- lE carbonyl-, octyl ester
6 2-HI4 6-2F —R3-fi 2-methyl4 ,6-octadiyn-3-one 9 2-FEdk-1 3-F 2-heptyl-1,3-dioxolane
7 Yoy ethylbenzene 10 2-H3EZs 2-methylnaphthalene
8§ RIS phenyl PR E 1 2 3-FRGE-1-PIRE 1-propanol , 2,3-epoxy-
aminocarbonylcarbamate > WA acetone
9 AR 4-methyl-pentanoylbenzene 3 F ok hexane
10 % naphthalene 4 % benzene
11 2-Fdk-1,3-4R3IR 2-heptyl-1,3-dioxolane 5 Pk carbon tetrachloride
12 3, 4-"HILIK MR 3 ,4-dimethylacetophenone 6 B 4 toluene
13 2-HIHZE 2-methylnaphthalene 71k 1 -pentene
BB 1 S I 2 Pk e cyanoacetamide , 8 2-Z, KLk g 2-ethylfuran
2 NER acetone 9 4R L3 R - 4-benzyloxy-3-methoxy-2-
30 2,4- W 2 ,4-dimethylpentane 2 e R nitrobenzoic acid
4 i benzene 10 5-FFLpRRE 2-formyl-5-methylfuran
5 28 toluene 11 ARREF methylacetic anhydride
6 2-(TREZL) Rl 2-( benzyloxy ) phenol 12 Alpha, N- - JE- N H N-benzvlamphetami
7 2Rl 3-TAUNIR 2-heptyl-1 ,3-dioxolane L CFARA) cryamphetamine
8 N-Z, 32 -5 FL TR Tk iz N-ethyl-2-aminopropanamide 13 2,1 R 2, 1-benzisoxazole
EWC 1 T dimethylamine alpha-amino-1H-pyrolo ( 2, 3-
2 diazene, dimethyl- 14 7-B%R b ) pyridine-3-propionic acid
3 ok hexanc azatrypeophan
4 YEARK carbon tetrachloride 2-2.5-6-83-1,3 4- 2-ethyl-6-phenyl-1, 3, 4-
15 WETME(3,2-a)(1,3,5) thiadiazolo(3,2-a) (1,3,5)-
EWD 1 WE Ok ethylene oxide =I5 7-fli triazine-5 ,7-dione
2 L acetic formic anhydride 16 4-F B8 4-methyl-pentanoylbenzene
3 Eok hexane 17 % naphthalene
4 Zm acelic acid 18 2-H 3tz 2-methylnaphthalene
5 IR carbon tetrachloride

LYt — 2 X PR PP R RN R BR A
IR VR = W R R AT 1 A I (R
PREE A7)  RIE R Wk 4. NPFE N,
PERD A A B A G S (1 B A AL, TR R
TR SR R R OR A S R UG
PR C Rl B EORS HOR X SR C Y
DETE I B B AT ¢ (#5450, DRTE IR E O 700 ~
800°C). JEHD D Hh AN B/ iR E B
SE ORI ) _L AT AT 2R, 3 T R DA D 1k g

i R T 2 By o3 ik, 7 W) B DU R S e e
EE)

1T E A R AT AR AR D (2.0 ) L IR
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