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Abstract : This study was performed to establish new methods for hazardous substances and to develop an analytical
method in specified wastes for preventing the environmental pollution caused by hazardous wastes. Therefore, the
trends of international management, regulatory criteria, and items of hazardous wastes in various countries were
investigated. Based on this study, target priority of new hazardous substances in specified wastes was established.
An analytical method was developed using the waste standard reference materials of sludge, oil, bottom ash, etc.,
which contain the new hazardous substances (Ba, Be, Cr(VI), F, Ni, Sb, Se, and V). A total of 37 waste samples
from the representative facilities, which are emitting new hazardous substances, were analyzed.

Key words : certified reference material, Ba, Be, Ni, Sb, Se, V, F, Cr(VI), waste, FAAS, ICP-AES, sludge,
oil, ash, sediment, analysis
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Table 1. The concentration of reference materials (Unit : mg/kg)
Lubricating Oil Coal fly ash Domestic Industrial Sediment Soil
Sludge Sludge
Substance NIST NIST BCR NIST NIST NIST
1084a 1633b 038 2781 2782 MESS3  STSD2 2711 ERA 921
726
Ba 709 (570) (152) 540 (200)
Be 23 52
. 154.1 20.6
Ni 99.7 120.6 (72.3) (95.9) 46.9 53 (16)
194
Sb 1.02 4.8
(ND)
1.52
Se 10.26 0.44 0.72
(ND)
v 95.9 295.7 (8L.9) 243 101 816
) ’ ' (42)
1,254 350.4
Zn (1,120 (1,167) 159 246 (39
Cr(VI) 76.7
F 538 940

*( ) : Leachable concentration by EPA 3050 method
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Waste Sample
( Sludge, Oil, Ash etc. )

v

Acid Digestion(AD)

AD |

AD Il

#AD I

A 4

KSM 2/JIS K 01012 50

USEPA 3050B(A)

+ c-HNO; 5~10mL
+ ¢c-HF 5mL

+ ¢c-HCI 5mL
+<5mL

KSM 1/JIS K 01012 50
* ¢-HNO; 5~10mL e =
- 0,0, 3mL c-HNO; 5~10mL
. <BmL « HCIO, 5mL
« c-HCI 10mL = <5mL

v

Y

Instrumental Analysis by FAAS or ICP-AES

Fig. 1. The methods of acid digestion I, II and III.
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Table 2. The analytical method of Cr(VI)
Method Procedure Remark
— Sample : = 25 ¢
— Digestion solvent” : 50 mIL.
Alkali digestion — Add MgCl, 400 mg + 1 M phosphate buffer 0.5 mL
. _ Stirrine fime : 60 mi USEPA
Preparation tirring time : 60 min
— Temp. : 90~95°C 3060A
Filteration — 0.45 um celluose filter
— Adjust pH 7.5+0.5 by 5 M HNO;
— Sample : 95 mL
Colorin — Add Diphenylcarbazide soln. 2.0 mL, USEPA
Instrumental & — Adjust pH 2£0.5 by 10% H,SO, 7196A
Analysis — Waiting time : 5~10 min
Wavelength UV-VIS(540 nm)

1) Digestion solvent : NaOH 20 g/I. + Na,CO; 30 g/L.

Table 3. The analytical methods of F

Procedure
Method - - .
Zirconium-SPANDS (FM 1) Lantan-Alizanin Complexon (FM II)
—Sample < 2 g
Decomposition — Add Na,CO; 5 g in Ni bottle -
— Temp. program : 5 hr at 500°C — 2 hr at 800°C
—Sample < 10 g
Preparation Digestion - — Add 10% NaOH + 0.5% phph
— Heat to 30 mL
— Temp. : 135x2°C —Temp. : 145£5°C
Distillation — Flow rate : 5~6 mL/min — Flow rate : 3~5 mL/min
—500 mL(Final Volume) — 50 mL(Final Volume)
Coloring — Sample : 50 mL — Sample : 30 mL
Instrumer.ltal g —Add Zr-SPANDS soln. 10 mL — Add La-Alizanin soln. 20 mL
Analysis
Wavelength 570 nm 620 nm

Al RIS AR st Fig 1914 BEuke}
7¥Fo] HNO;+HFZ} HNO;+HCIOZ AH&-3lom, A 2

3 1= v EPA 3050B oA A A8 HNOs+H,0,
+HCIE AH8-3Fe] A e stk 283 7]7]84 e

Ba, Be, Sb, Se, V&
=43

ICP-AESZ, Ni, Zn& FAASZ

Bl 74,)r 7Lo] A]E%
st Cr(VDE F&3he
d7l2u =9} wA A A UV- VIS
B oltt.
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OAD I
OADII
OADII
N \Y
(a) 1084a(Lubricating oil)
v 1633b @AD |

Ba Ni \Y
(b) 1633b(Coal fly ash)
Fig. 2. The recovery of metals in NIST 1084a and 1633b.

A8t Fig. 2= «2-fr(lubricating oil)$} A &F
H] Azl (coal fly ash) Q1S HFEZDS o] &3l HA143}
£ A3 Aotk Fig 29 ()0l He=nkel o] Ni,
V 358 H7F 22 72.399.4%, 85.1~108%% L}E}
i, ALY, BbsleAg, A4S ARSSE AD 110] ¥
WA EL IS B FIUTE Fig 2(b)<] AEA|
(coal fly ash)®] 7Z-§-oll&= ZAh B4l ks AE-
AD I°] T2 AD 11¢} 19l Hl&) Ba, Ni, V %57} 2
H o)) =& 34E-S vEio], &7 Fo 4
FER % Axz AGEHAL Sed FFFET}
93 wld 5244 380 700% ° oz tha 3}
o HrtE= Aol AN, AIE F 10 mgkg o] 3t
o] 7k ofEilTt.

Fig. 32 3l 2] LU (domestic sludge)2} 43 2]
2 Y(industrial sludge) #17]1& AFHFEHS o] &3t
A4S AEg Aotk Fig 39 (aelr Beuel
o] Ni, Se, Zn 3+& W7} 2H2F 73.2~126.5%,
263~265%, 85.0~140%= EFRET) WS Seo] S
= E3FEEd et vF wol g s
Ebuta B4hs ARESE A ARk o g =4 e
U EAte] ke HE it Nigl 49 AD I 3

2781
% EAD |

Ni Se Zn
(a) 2781(Domestic sludge)

2782 @AD |
OAD I

gAD I

Ni Zn
(b) 2782(Industrial sludge)
Fig. 3. The recovery of metals in NIDT 2781 and 2782.

Ag A#7F vha BEARE 2555 723 mgkgd ¥
e W= 80% o] 3FE&S e Fig 3(b)
9] %ol Ni #4]0] E4HS o] 838 AD T H A g
o] tha ) HriEe 23E YERA AD I,
Me] 3]go] 50% AF2E Yet=d AR S 3
= asighEel ogt Ao FE 2 Eito] ofd
Aut Ao 93 FEHFE 959 mgkgd v EkH
80% ©17d9] 3F&S YEtATh Znd] 3582 91.3~
99.7% AFE JEMI I Sed T ww 7} ol AZ
=R ekt

Fig. 4= A (sediment)?} & %¥(soil) A1 SHFEZ
< o] g3 BAAAE A2 Aoltt Fig 49 (a)ol
A ®BEukel 7+o] Ni, Zn 2HZ; 75.0~78.8%, 75.8~
79.4%% YERIT Bedl V& AD I, 1T A2 23}
7 JIFFEHT 50% ©]3te] 2 A#4E Uedlle
t] o]i= NIST 27829} 7Fo] Aibo|L} Hitol= =X
e 3 EC] JdgoE HukHE, Sed FHFEI}
ol H7tEE AFS Bl FAT. Fig 3(b)<l
Nig} Zno] z}z} 89.1~105%, 77.2~79.4%°] 3 F&<
UERfo] A8k AAE WH R @7t ATE Be, V
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(a) MESS3(sediment)

% STSD2

EAD |
140 QAD 1
120 | OAD I

Ba Be Ni v Zn
(b) STSD2(sediment)
A 2711 @AD 1|
140 QAD I
120 F QAD M

100

80

[T/

40 F

20

Ba Ni v Zn
(c) 2711(soil)

Fig. 4. The recovery of metals in MESS3, STSD2 and NIST
2711.
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92.0%, 75.3~80.8%%2 LFEFST V& 60% Twhe] 3]
F&2 YERAT Ba2 30% vTe] 3485 e
Wout FEFE 200 mykgd ¥R W= 80% o

g9 H5E2 vebdth 2 BAE o18% A
A e o ASolE AgHA ge Ao |
et
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M Sediment

CCoalash

60.2 60.5

FM 1 FM II
(a) STSD2 and BCR 038
Recovery of Cr{Vl)
Yo

101.8 92.3

60

40
20

No.1 No.2 No.3
(b) ERA 921

Fig. 5. The recovery of F and Cr(VI) in CRM.

31.2. Fz} Cr(V))
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Table 4. The results of metal contents (Unit : mg/kg)
Hazardous substances
Facility No.
Sb Ni \% Ba /n Be Se
FC-S-1 ND 3.0 ND 320 ND ND 20.1
Battery and cell FC-S-2 14.6 2.7 ND ND ND ND 16.9
FC-S-3 30.6 ND ND 0.14% 19.4 ND 135
Chemical CM-S-1 134 ND 6.1 2.4 ND ND ND
cmicals CM-S-2 64.9 3.91% 21.0 121 624 ND 80.2
Y5-01 433 - - 4.86 - ND 403
Cable
Y5-08 ND y y 0.34% y ND 347
WTS-1 63.1 285 248 462 981 ND 66.0
WT-S-2 137 984 45.7 588 0.20% ND 81.7
Domestic treatment WT-S-3 50.7 59.3 14.4 677 0.14% ND 53.5
WT-S-4 152 238 345 0.16% 860 ND ND
WTS-5 503 109 15.7 614 0.13% ND ND
Electronics Y5-09 ND - - 0.62% - ND ND
Electric Power Y5-10 126 - - 0.11% - ND ND
Glass GP-F-1 572 3.7 52.8 198 33.6 1.0 80.0
Mot MM-S-1 ND 28.5 18.9 33.1 48.8 ND 137
cta Y5-05 364 L . 48.0 - ND 125
N l FN-S-1 ND 89.4 ND 42.8 27.3% ND ND
on-meta FN-S-2 ND  0.52% ND 1.4 3.9% ND 30.8
FS-S-1 58.9 64.5 127 13.7 0.31% ND ND
FS-S-2 73.0 109 77.4 3.8 3.8% ND 341
Steel FS-F-1 138 235 45.8 91.7 16.6% ND 175
ce FS-S3 269 0.45% 30.4 30.4 1.8% ND 265
FS-S-4 48.9 11.7 ND ND 8.9% ND ND
FS-S-5 848 44 3.0 161 1.1% ND 0.80%
Limit of Detection 5 2 1 0.6 10 0.1 10

* ND : Not Detected

3.2 PEAZR EMZ

321 Ba, Be, Ni Sb, Se, V, Zn

Table 49 YERA ule} 7Fo], She BALAZ ALE
ste ", Aolg, F5AEYANA MHAT NS =
2 FEE Y eH, AE5E HE 14.6~848
mg/kgE YEIST Nix 2 27, vld a4, 38
A AxYPelAM =2 FEZ YN AEE =4
2.7 mg/kg~ 3.91%% YEFETE V& stA ],
Z4Y AAA ‘jr’\ = 057} VFERE L o
L EE WYE
mg/kg ©] ATt Ba«]
kg~0 62%°1 3021, Hkx , sHEAE], A A

A Ao A v A w2 YeERA AT Zng

AL AFAZANDANA 031%~ 16.6% T T2

rc =2

J_]j o =

Uebl L v FEAZ, st E] AdgA R
2 FEE e HEE T H9= 48 my
kg~27.3% ©IAtt. Zn] A5 717 AEAEF £ 4
_)l\_o]x]tr]— }\]g H/Ht‘ﬂ— u:H /\1‘6‘4/&1 %]_76101] ‘Jz?_} H]—%/\]
27} 2AEE A7 Bol AAAHSE 10 mykg ©]3t
o] Eao] ojgl g Zo7 A3t Bed fElAZ A
A& AQ)Eta AN Al 504 E% EAEE YE
Wth Bed -Elubetell A ARg-go] AL o 7]t ool A
T EAREAR AFEL d o 7Ee] AR o
AR @itk Seol H9E AwrHos v g ye
Wi gilen AR =AM 265 me/ke~0.80%,
NNAFAZA AN 347-403 mg/kge] ¥IwE £
S8 YENL A8 F AEY sEWUE 135 my
kg~0.8%= LFEFTE.

H]"rx—l
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Table 5. The results of F an Cr(VI) contents (Unit : mg/kg)
Compounds
Facility No. Type

F Cr(VI)

Cable YS5-01 Treatment sludge - 10.2
Electroni Y5-03 Treatment sludge 16.0 10.6
ectronies Y5-07 Treatment sludge 84.0 29.4

| Y5-05 Treatment sludge 31.4

Meta Y5-18 Waste sand 440 -
PC-A1 mineral - 40.5

Non-metal PC-A3 mineral - 38.5
PC-A4 mineral - 27.6

Y5-06 Treatment sludge - 4.9

Glass Y5-19 Dust 553 -
Y5-20 Dust 562 -

Hospital Y5-13 bottom ash ND -
Incinerat Y5-11 fly ash ND -
nemerator Y5-14 fly ash 450 -
Limit of Detection 0.2 0.2

*ND : Not Detected
322. F, Cr(V)) =

Bae 27 ] vl ok fElAlzAld o] #31
SOl ¥ad & FE7F el &9 TE ¥
& Table 59t 7Fo] 16.0~553 mg/kgS & JEFSETE
Cr(VDh= A& F=H7F 4.9-40.5 mgkgo = 34
olu} F&A AN T FE QYA v =
2 FEE YEst 4 o A5 wet o2ty
oA AjZko] Wol AE|a AT F3 -l o g
o] UAAIT A= A&l o] & EAF o] et

S, HeA|e) Aol BAHFS AT A
a 10 e 4 Rau 2 Yo e H5Ee
[e)
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st A8 AE7} A= ojofd Flo|t).

A, ANFH S A SR AR, She A7FA A
Al 848 mg/kg, Ni2 3}HE2A| A4 3.91%, V
2 A A Aol A 345 me/kg, BaS REEA| A A
Aol 0.62%, Zne Bl AFEA A DA 27.3%, Se
& AZAZA AN 0.80%= 7HE B S Vg
Wk 28y Bex AR AJAHOA AL HEHA
oottt
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