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Dominant rock types of stones used presently for cooking utensils in Korea are pyroxenite, breccia and biotite dior-
ite. Pyroxenite and biotite diorite relatively abundant in mafic minerals have higher specific gravities of 3.0 than breccia
of 2.5. Breccia shows the highest absorption (2.9%) among three stones used as cooking utensils and pH value of three
stone types shows the alkaline range of 9.7 to 9.9. Among the studied stones used for cooking utensils, biotite diorite is
the most durable against abrasion and has the highest strength and therefore, it is expected to be used effectively for the
longest time except for other specific causes. Heavy metals such as Cu, Pb, Co, Cr and Ni were leached lower than
their detection limit (0.1 ppm) regardless of reaction time and initial pH value of solution. But the leached contents of
Fe are various with rock types and leaching conditions and those by acidic solution are generally 1.8 to 31 times higher
than those by neutral solution. Breccia and biotite diorite show the highest leached content of Fe in cases of neutral and
acidic solutions, respectively. Standard criteria of leached heavy metals and macrominerals should be studied thoroughly
to utilize stones for cooking utensils of high quality which are harmless to the human body. Also it is required to exam-
ine more detailed abiochemical properties of various stone types used for cooking utensils.

Key words : cooking utensils, stone, durable, heavy metal elements, leaching
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Table 1. Modal abundances of some stones used as cooking
utensils (vol.%).
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Table 2. Apparent specific gravity and absorption of some
stones used as cooking utensils.

Sample No. IS YC CC
Plagioclase 1.90 479 5.06
K-feldspar 135 6.36 22.4
Biotite 1.34 - 371
Hornblende 15.0 - 315
Pyroxene 60.4 - 27.2
Olivine 7.14 - -
Sphene - - 0.45
Chlorite Tr. 2.56 0.22
Calcite - 491 -
Sericite - 0.22 1.01
Apatite - - 1.35
Opaques 0.67 1.45 1.46
Rock fragment - 28.4 -
Groundmass - 50.3 -

Tr. : Trace amounts

e}t 2818 HAle 2RV vESH Fee 33
as3ch. |

YutHioz QrAo] wFe o] oy F3y
T Zo) uel AHAE QA 19 EXolg & 4
Ve, o] ATl AR SLRAZWHCOT F4
&S} HE7| ¥FS 247 B 2.98% 2.960102
o ZFEHYC) BT 2492 Al 7HX] 2878 4
AF 7P e e EtKTable 2). =3 F&2
E Al ZHKYCel MUl M LIS 54
A2 CO)ET} AUF oz e 290%2 Jeri)ch
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SRS AEUEta 2Ae AT s 7Y
oA FH3REY, S0, TiO, AlLOs; Fey04T),
MnO, MgO, CaO, Na,0, K,0, P,05 & 107}x¢)
FAE 94as XA FAEAZIXRE XRF-1700;
Shimadzu)Z, Cu, Pb, Zn, Cd, Co, Cr, Ni & 7719
vEedie FAdFEFeER BSR4 7](ICP-AES,
ICPS-1000IV; Shimadzu; 71719] 24 shegte Cw

Sample Apparent specific Absorption

No. gravity (%)

IS 2.96, 2.96, 2.95 0.19, 0.22, 0.23
(2.96)* ©0.21)*

YC 2.49, 2.49, 249 2.90, 2.86, 2.93
(2.49)* (2.90)*

cc 298, 2.97, 299 0.34, 0.35, 0.23
(2.98)* 0.31)*

*( ) Mean

1ppb, Pb: 10pph, Fe: 1pph, Co: 1ppb, Cr: 10
ppb, Ni: 10 ppb)E AJskich. K3 950°ClA 30
B Fot 715l A47-3(1.0L; loss on ignition)S
A3t}

FAAE d4F Si0,, Ti0,, Na,0, K0, P,05
FAX{AS)NAM Y 'S #E HoA Fod,
Fe,045(T), MnO, Mg0O, Ca0 59 94e Z4E(YC0)
A, ALOgE FLEAHEUCORIM M =2 3
YERATH(Table 3). ©o121dt 9459 FFEZ= &
A9] B Z(mode)2} “—J%f;!?}ﬂl HEso] dokr & 4
Ach o
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FraEEo] Bl dhEle] e FHYISHH T
EU(CCP] AELYOHT HThHoRs 2 g |
Hom, Cde Al 7 olla BF &4 AR
0.5 ppmEc} g Fhs vERAACE =S Pbe) Crel
ke 22478 AR ol &HE Al 7ER] YAl
BE A7t Fo HAFgFET 22 s B U0
(Table 4).
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o SF 50 mE W T B¢ F ankst 3
ok 105 o WRIsle FRE2E A=A v pH
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t}. o] dolN thde s sl Yv 27 A
9] pHE AAFo=Z 9.70~9.862 HHZ oFubzdwA
9] EAg B FUCK(Table 4).
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Table 3. Major element abundances and loss on ignition (L.O.1.) of some stones used as cooking utensils (unit in wt.%).

Sample No.  SiO, TiO, AlLO; Fe,04(T) MnO MgO Ca0O Na,O K,O P,05 L.OL
IS 42.1 0.36 10.9 13.6 0.13 19.5 6.12 0.79 1.18 0.07 4.66
YC 64.3 0.45 15.2 421 0.08 1.25 3.17 3.96 291 0.11 4.66
ccC 48.6 1.51 9.59 10.7 0.14 10.3 9.91 1.26 4.81 1.62 1.61
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Table 4. Trace element abundances (ppm) and pH of some stones used as cooking utensils.

Sample No. Cu Pb Zn Cd Co Cr Ni pH
IS 924 21.7 109 <0.5 84.7 829 188 9.87, 9.85 (9.86)**
YC <0.1 53.1 60.7 <0.5 <01 116 553  9.72, 9.68 (9.70)**
CC 53.3 44 4 90.1 <05 57.3 445 120 9.81, 9.83 (9.82)**
Average content in 5 12.5 70 02 25 100 75

the Earth's crust*

* Levinson (1974)
** Mean

Table 5. Results of slake durability test of some stones used as cooking utensils.

Sample Initial weight 1 cycle 2 cycle 3 cycle 4 cycle 5 cycle 6 cycle
No. of specimens (10 min.)* (10 min.)* (10 min.)* (10 min.)* (10 min.)* (100 min.)*
is 3894 g 3886 g 3879 g 3873 g 386.8 g 3863 g 3812 ¢

(100)** (99.8)** (99.6)** (99.5)** (99.3)** (99.2)%* (97.9y**
YC 386.3 g 386.2 g 385.7 g 3854 g 3851 g 3849 ¢ 3817 g
(100)** (100)** (99.8)** (99.8)** (99.7)** (99.6)** (98.8)**
cc 3533 g 3529 g 3528 g 3526 g 3525 g 3524 g 3512 g
(100)** (99.9y*+* (99.9)** (99.8)** (99.8)** (99.7)%* (99.4)**

* Shaking time
** Retained weight percent after slake durability test
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Sl UAF SE Y W, YHS7e) uhaz 8 — = ve <
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%3& Ashe W oltHGamble, 1971). o] AlPelX =

Ag" 27t 107089 GAREE 35~40 g FA 5 20 40 60 80 100 120
350~390 g¥& AR A WA d=E 524 4 Shaking time (min.)

okl ohy, edjola i Ald71E 1R oF 253 FIg. 1. Retained weight percent after slake durability test of
AR 24T 3, 10848 3AA) 7= AL I 4 some stones used as cooking utensils.

olZ(cycle)® 31, 5 ARIEE AAlsIen, v

© 100 317 3 HolE2E AFEATHTable 5). THTable 6). MU ¢ HE 1,670 kgflend?,

Zdola g AY Aol B, A AgFE AEKYOL 1262 kghem? F-2RAFHCOE
20%°] ZA3d dEAA AolZyiAE 24Ul 1,898 kgfem?®] HF USHUE 3 JERIRET, ol
Aoz vigel] tigh WrAel 7P #keuh, Al &= Deer and Miller(1996)¢] 44 £-5iol waw
7ol g wet SLRUKUCOR] AjHoE BT B AH(L100~2200 kefem?el SPHAT.
7V 9 Ao ePti(Table 5; Fig. 1).

2478 Aol e ZEEHS dotu] sl 4, FFRL W40 & EN
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Table 6. Results of point load test for the some stones used as cooking utensils.

Load at Rupture

Uniaxial Compressive Ranges and Means of

Sample No. Specimen No. Diameter (cm) (kg) Strength Uniaxial Compressive
(kgf/cm?) Strength (kgf/cm?)

1 1.793 400 1,882
2 1.774 375 1,795
3 1.799 350 1,638
4 1.791 350 1,650

1S 5 1.778 350 1,668 1,430~1,882
6 1.782 350 1,663 (1,670)*
7 1.778 300 1,430
8 1.784 375 1,778
9 1.779 350 1,667
10 1.790 325 1,533
1 1.790 225 1,061
2 1.783 250 1,186
3 1.792 250 1,178
4 1.787 325 1,538

yC 5 1.796 325 1,526 1,060~1,538
6 1.792 325 1,531 (1,262)*
7 1.786 225 1,065
8 1.791 225 1,060
9 1.798 300 1,406
10 1.785 225 1,066
1 2.737 725 1,771
2 2.721 775 1,911
3 2.734 750 1,835
4 1.793 450 2,118

cc 5 1.809 400 1,856 1,643~2,357
6 1.797 400 1,876 (1,898)*
7 1.805 400 1,863
8 1.796 350 1,643
9 1.791 500 2,357
10 1.800 375 1,753

( )* mean

9] 82A18S 93 9d*=27191 -4 mesh~+20 mesh
(¢F 0.83~4.74 mmy’t He AE A E34
SEAIl| ol SStATHETAAI AN, 1999). HA
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pH 3.002 zd# £92 100 m¥ H718 92 7t
Gahot plate)ol A AUREAQL ZElexe}d XM
Z#EE] 9613°CY EF 208, 408, 602 F9HY
71g@stet. w3k 7o) T Zol= WARl & 7}
ke A Foll FEE] AAR BH0.20~2.55 m)
e SRS F7ISK] d2e] AsEd gt §
AuR<=(dilution factor)= FLakA stgch
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A 298z 100 m 718l 96+3°CE 7t
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Table 7. Results of leaching experiment for the some stones
used as cooking utensils (unit in ppm).

Sample No. Cu Pb Fe Co Cr Ni
JS-DW#-20 <01 <01 035 <01 <01 <01
JS-DW*40 <01 <01 064 <01 <01 <01
JS-DW*60 <0.1 <01 149 <01 <01 <01
YC-DW*-20 <01 <01 166 <01 <01 <01
YC-DW*-40 <01 <01 19 <01 <01 <01
YC-DW*60 <01 <01 329 <01 <01 <01
CC-DW*-20 <01 <01 083 <01 <01 <01
CC-DW*-40 <01 <01 0.88 <01 <01 <01
CC-DW*60 <01 <01 0.92 <01 <01 <01
JS-pH3-20 <0.1 <01 109 <01 <01 <01
JSpH3-40 <01 <01 115 <01 <01 <01
JS-pH3-60 <01l <01 132 <01 <01 <01
YC-pH3-20 <01 <01 582 <01 <01 <01
YC-pH3-40 <01 <01 601 <01 <01 <0.1
YC-pH3-60 <01 <01 587 <01 <01 <01
CC-pH3-20 <01 <01 240 <01 <01 <01
CC-pH3-40 <01 <01 275 <01 <01 <01
CC-pH3-60 <01 <01 272 <01 <01 <01
DW#* : Deionized Water (pH 6.7)

Heating temperature : 96°+3°C
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Fig. 2. Variation diagram for content of leached Fe versus
reaction time (heating temperature : 96° = 3°C).
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Roz JepdtHTable 7; Fig. 2).
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