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Accuracy and Precision of Ion Chromatography/Visible
Absorbance Detection for Analyzing Hexavalent
Chromium Collected on PVC Filter

Yong Chul Shin, Se Min Oh, and Nam Won Paik*

Depr. of Industrial Hvgiene, Industrial Health Rescarch Institute, and
School of Public Health, Seoul National University+

The accuracy and precision of a modified method of NIOSH Method 7600 and EPA method 218.6
was determined for analyzing hexavalent chromium, Cr(V1), collected on PVC filter from workplace
air. The method was designed to extract from Cr(VI) on PVC filter with a alkali solution, 2%
NaOH/3% Na,CO,, and to analyze it using ion chromatography/visible absorbance detection
(1IC/VAD). The results and conclusion are as the following.

2]

. The peak of Cr(VI) was separated sharply on chromatogram and was linearly related with

Cr(V1) concentration in sloution. The correlation coefficient was 0.9999 in a calibration curve.
The limit of detection was .25 pg/sample.

. The accuracy(% recovery) was 93.3% in a set of samplesi9 - 50 pg) stored for a day. and

100.1%(10 - 60 pg) in another set of samples stored for 2 hours. It is assumed that the ditference
in recovery by storage time was due to reduction of Cr(V1) to Cr(11I).

. The precision{coefficient of variation. CV) of the method was 0.015 in spiked samples with

Cr( V1) standard solution, and .010 in spiked samples with plating solution from a chrome elec-
vroplating factory. The overall CV in all types of samples was 0.013.

. The Cr(VI) was stable in 2% NaOH/3% Na.CO; at least for 11) hours.
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In conclusion. the IC/VAD method is appropriate for determining low-level Cr(V1) in workplace

air containing various interferences.

Key Words : Hexavalent chromium, Accuracy and precision of ion chromatography/visible absor-
bance detection, Chrome electroplating
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A& (chromium, Cr)& & Absigiel Jej &
At dtEoz 87 Fo EAshs e F2
37} & (trivalent chromium, Cr(Il))3 67} =
Cr(VD))olth, Z g
vl dF, g5, 1
T, €944 sRd 2 AARE 58 5 ¢ 3l
ot Cr(iD2 Q1A g bz Qo] g
4ol ¥lmA oAt gger =2HAY )
Hhgo] SlE Aol AN A7 dold 4 it
Cr(VD) & =A4o] Zahs, &3] dug dode A
o2 3 H G (Agency for Toxic Substances
and Disease Registry, 1993; NIOSH, 1975;
Rinehart, 1986, WHO, 1988). A&7k Cr(VD)
o] WtdE BE g Ao o) TS Yo
¥, International Agency for Research on
Cancer [ARC, 1990)lA < Cr(VD) & 1A} ok
Aolgln ¥Hstn Utk vFHEAAJ YA T
©]3] (American Conference of Governmental
Industrial Hygienists, ACGIH) M &4 2
84 Cr(VD2 Threshold Limit Value(TLV)
£ Zt2F 0.05 mg/m* L 0,01 mg/mER A3 A

& (hexavalent chromium,
%t AR = A,

5 5 ge| 2% A dehEA (confirmed human
carcinogen)$l “Al"2e@ #Aszm UHACGIH,
1996).

ol¢} ol ZEe] A AEle AAlel 3
E9& AF e $2% afloln® AF 23 &
2240 ARARE BE3] Hrisr] AaiMe 28
o] ASEE P 23 = e dwE o

f-3lojo} 3},

A F71F Cr(VD e 3-8 flsl de] o] &sn
e W2 National Institute for Occupational
Safety and Health(NIOSH, 1994)o1A 743k
NIOSH Method 7600°1t}. o} w2 polyvinyl

chloride PVC) HBAE AMSEIM AIRE AHF 3t
0.5 N HpSO0lv 2 % NaOH/3 % Na,CO&
Cr(VD& 328 % dlphenylcarbamde (DPO) =
A A FPete dgelch By AW 898 2
Hoz AMStE A Cr(VDe] Cr(loz $igd
T e Aoz gA dct(Blomquist, 1977;
Blomquist et. al., 1983, Thomsen and Stern,
1979). E3 A7 Fo ¥& Hye B3l DPCs
Bhgsle] whlsle B2o] EAElA FH e exE
§28 4 slvb(Molina and Abell, 1987; NIOSH,
(994). uebr] o HbHE Pt FE Ao o
Cr(VDe] BesAY & 29 Wejgse v
T Ut B3] ok

o9 22 P& B Wi oz NIOSH(1994)
AAE NIOSH Method 76042 7AslEct of v
H& W87 (positive. interference) 8] Q&S A
A3}7] 943} ion chromatography (IC) 2 Cr(VD) &
GE 223 A AEE 7227) (conductivity
detector) & A Hsl7] wWFdl] Cr{VI) ol So]zlg] b
'HolA 9 2% (sensitivity) 7} B2 @3o] ik
(Sheehan, 1992).

g, Cr(VD e o8& BEXye® vlZ Eviron-
mental Protection Agency(EPA, 1991) 7} At
g 8 (Method 218.6)°] ded], o WL H4
5 B &EAste Cr(VD & &3] a8 Aad
Igolt, o] wWlodMe &9 pHE 9 - 9.58
IFo] A|RE BAEIEE Andr] g Cr(VD
o] 4L A A B o} HE3A)
NIOSH Method 7604Xrt} Stk Aao] 9t}
American Society for Testing and Materials
(ASTM, 1992}l EPA w3} AR uhy &
Abatn ok 28y o] ML 33 Fol U=
Cr(VDE 3338k A8 ez, F7F AEA

1i

2 A wRle) te AAAA BoplA uiz A
£¢ 4 9ok
o) % e g Cr(VDE BASAY o
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71% Cr(VD € 0.02 M NaHCO, buffer’t 27!
HAAZ AHFAL, dutyoz ¢4 Holo
Me F71% Cr(VDE PVC o3Ale s &b,
A#x]ef] AHE Cr(VD) & 48 F 2A8
B EE EPA ¥ T ASTM ¥¥E ¢8x =2
7kl vtz 2 8% 4 glew NIOSH #is &4
gobd AR 5 gloelE HAw, WA o] Wbyl
e Aoy Fdxo] vy 718 F8ste Aol
Hk=A] 9 g Ehe}

upta, o] Ao} ¥ae EPA Method 2186
WA NIOSH Method 76008 &gt iy, <
PVCel Cr(VD) & A#H2 ion chromato
gaph/visible absorbance detector® ¥4jeh= W
HAC/VAD ) ol d8r &% (accuracy) 2 &
AL (precision) & F7FGoRH o] WHE 28
o] Cr(VD) =& #rlo] &8st vk

/\]_

I mz 3 2y

1. IC =

Cr(VD el ¥42
nex Corp.}, IonPac AS7 separator coulmn

TonPac NG1 pre-column (Dio

Table 1. lon Chromatographic Conditions for Analyzing
Hexavalent Chromium

Parameter Analytical Condition

Sample Loop Volume S0 pl

Guard Column Dionex tonPac NG|
Separator Column Dionex lonPac AS7

250 mM (NH,).S50,
100 mM NH,0OH

Eluent

Flow Rate 1.5 mL/min

2 mM diphenylcarbazide
10% viv CH,OH

Posteolumn Reagent

Postcolumn Flow Rate 0.5 mL/min

Mixing Device Membrane reactor and

reaction coil
Detector Visihle absorbance detector

Detector Wavelength 520 nm

o

o1

(Dionex Corp.) ¥ visible absorbance detector

(Model SC100, Thermo Separation Products
Co.)7} H-#¢l IC{Model ED-40, Dionex Corp.)
g Ab&sld YA Cr(vD e BAsl) 2
IC 231& Table 13 Zt} B0 {2
mL/min®]i post-column reagent® #%& 0
mlL/min°lv}. #Ae) ]88t visible absorbance
detector®} #3& 520 nm% Tt

2%k

<+ 1.5
e (0.5

2 ME

ICe] &9 (eluent) & 250 mM (NH,,SO,(GR
reagent grade, Junsei Chemical Co. Ltd.) %
100 mM NH,OH(@28 %, Junsei Chemical Co
Ltd.) S&efoldth Cr(VD e whalrjelo i
mM 1,5 diphenylcarbazide DPC, ACS reagent,
Aldrich Chemical Corp.), 1 N H,80, (GR
reagent, BDH Chemical Ltd.) ¥ 10% CH.OH
TEeolTt. ICE ol &dtad Cr(VDel £487]
glA AREE A2k Table 19 AA|sts )

PVC o332 (37-mm diameter, 5.0-un pore
size, Nuclepore Corp.)el F&#=o Ay Cr(VD
9] F&2deow 2% NaOH (99.5%, Hayashi,
Pure Chemical Co.) % 3% Na,C0,(99. 5%,
Hayashi Pure Chemical Co.) S840}

KaCry(07(99.95 - 100.05%, Aldrich Chemical
Corp.} & A2& Cr(VD 591, 000m/mlL) 7
B =F3AelA A #3ge =&Y (plating
solution) & 100 v} #Ag &8 PYC ofzpale)
7}8ted spiked sample A&, 2417F £ 12 %

5]
&

9

3
T3

PP F gl ol g,
3 AR
PVC o3bale] gl CriVD e F£2 NIOSH
el e Sasich PYC odxg 9 vol

ZZ ol

Aol e 2% NaOH/3% Na,CO, 5 mLE 2
7reta] A|AIH A (watch glass) B W& & 7} sto)
A 30 - 45 B B AT Cr(D el AhEkE
wz)slr] 9 gedo] AhE JHF Bol welow,
=gk Cr(VD el ghelg Uxlsy] Y& A8 geo)
H4H8 FEEA] GEE U FE0) I A8
e WaE ’S“ﬁ—’rﬁ 25 mL7tA A0 og, 10
o o o 50ME FAs Cr(VD S BB,



4 HFUS o Wy

1 HASSA % HaksiA

ol Wyel HEEA (limit of detection, LOD)
© NIOSH(1995) oA AAIgE whdel] wla} ab&s}
[t BERY (10ue/mL) & A3l Al & 3o)
0.25 - 6ug?] BEFA) B (calibration standard) 6
HE Azsgich o] EFEAE9 HEF 43 25
mLA olE$ BMste AsFAB) I whg
(peak HA)zte] AYH7IY(Y = mX + b), 7 A
a2 e wheI|dR(YED, ¥ EF9 3 (stan-
dard error of regression, sy)& 78 t}g, 4 1
7 ol HEJAE AsEHt. olgh ol 7
LOD, 7P w& ZF38d Alg%, ¥ X-AH(Y-
Mol F4 A& ME vimstd 71 w2 gt
< #H¥F LODE A8kt & 284 (limit of
gquantification, LOQE T8l 242 4] 29}
2 (NIOSH, 1995).

LOD =3 ¢ /m ceererneeo (1

o6 =2y — V) [ (N—2)]" N= &g g5
m = X Al (slope)

LOQ =333XLOD ~-ccoooveniaiiiiiaaaa (2

2) HEgr g My

IC/VAD e AEx Hile 58902
2% A8E /M3 £ EEedoz AZ
FAEF Cr(VD e %L 38%% 50uwe/me) 55
oAl #%F 2 Lpmo& 4 A2 A F(%F 2Bue)
9] 0.4 - 24w s},

IC-VAS 9] 8=t 358, & % recovery
2 el F3ke 348 og 4 33 go
(Taylor, 1987; NIOSH, 1995).

FEEe 8 2 9% =308 Aze %
T ABE 73 Hrlelgnt. BEEdow A
T AR FEE P P oot gYdn @

o =FYE A7 ANEFL 4559 0.1 - 0.5
v F&EolAtt. AUEE WHolAS (coefficient of
variation, CV) T& AUAEFZHA (relative
standard deviation) 2 ez, HAA Alg AE
of g WolAlsr F@HlAS (overall CV,
CVpooled) 2 EH3HHTE. CV 2 CVpooled® 7
dhe 342 244 4 4 9 4 59 2o (Taylor,
1987: NIOSH, 1995).

W | BEEHA
CV = - yg{;_, .............................. (4)
ay

pooled =

(N — 1) Sri+ (Ny— 1) S + .+ (N, — 1) (Sr, J
(Ny— 1)+ (N,— 1) + . + (N, — 1

Srpm)lﬂl = %@-%¥mﬁ%¥ii}
N = Aas
Sri = A N Ee) WolA4

3) FEUEF Crvl) ordy

AR BFEYL =FAE FELdd Yol
F AW @5 - 30 T)ol WAF Aol WE Cr(VD
Fo WEE dHugit. Cr(Vvhe e 27
ol theh Alzbd H&2e) vz gdsact

4) IC/VAD ¢l 3 NIOSH 27} u|m

39 AT PO P20 Fue s
#3] NIOSH Method 76003 1C/VADHo 2 7z}
7 FAe Ane vasy) da 100 W g4
SF4A4E PVC oAne] rtslel Al S2e) A
BFHEF=Y 0.2 9 - 1 o) E Azt

b AEEA

A& & SigmaPlot 3.1 for Windows(Version
3.02, Jandel Corp.) % Sigma Stat for Win-
dows(Version 2.0, Jandel Corp.)& o]&3td
A stsid,
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Fig. 1. IC Chromatogram for Cr(VI)

in a standard solution and a air

- sample collected during pilot

plating operation. The eluent

was a aqueous solution of 250

mM (NH,),SO, and 100 mM

NH,OH, and the extraction

solution for a air sample or

Cr(VD) on PVC filter was 2%
NaOH/3% Na,CO..

Air Sample

Standard Solution

M. &z %«

. Cr(VI) Peak &l 3 Z2M

ks
IR

Cr(VD) #2329 (2ug,/mL) 3} pilot EFREEY
N IR FE2T £ 5045 [CH FYskd
Cr(VD 9 peak® RIS Ad, Fig. 13 22
chromato-gram% 9t & ‘?i"?Oﬂ’\i »‘}%?} 7
MxdoelM e CriVID) peaks} ¢ 3 # A% Ay}t
F vElgen e Aeirt dastso) Jr(VI) :
=(0.01 - 0.24ug/mL) % peak WAZre] #A %
UeRd HEde Rig. 29 dr} o) 2o By
vke} o] Cr(VD %8 peak WAL Hd&@AA 2
VERGTHr=0. 9999) .

. HEEA 3 HyBHA

o

2 19 g8l A&EE JC/VAS ¥l LODi=
0.06ue® Vepgch Y AW g A% Aa} g+
2 vEhd X HEE s 1 e 0.007wels)
th el & dEeA AMRE HA AL (.25
g Al gIolA 74 & Folglewrsm NIOSH
(1995) 7} A xdte v} HE 0.25uS HE @A
T At o)ek o] P LODE TA8k -2
T LOQE 0.83welUct. ey Hxjel Agoi
Hol LODE F3l7] 18 AX Al&%E 0. 25,
oo 2 FeoE 2 Aol LODe u woly
gzt Azt

NIOSH Method 76002 LOD ¥ #2 ¥Ahg

(from pilot plating operation)

= 0.9999

y

0.00 (i ] 10 RE3 20 25

200109 4 <

Cr{Vl) Concentration, pg/mL

Fig. 2. Calibration curve for Cr(VD) over the concentra-
tion range 0.01-0.24pg/mL. The injection vol-
ume was 50pL, and the cluent was agueous
solutton of 250mM(NH SO, QIR
NH,OH.

and |

e 2z 005w R 0.2 - 7.0wE HaHol gt}
(NIOSH. 1994). ¥ ddds LODE 43317 ¢
F HA AlR=e NIOSH Method 760021 LOD
Hoh ggtovt, Al 93t AE" LODE A9
FYstgrt, 9, NIOSH Method 76042 LOD
%2 HE B89 42 35w 2 10 - 250wl
(NIOSH, 1994) IC/VAD ¥9 LOD % LOQ7t
olict A ] @t}

IC/VAD Hez 37 1 43 Cr(VD AR
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Aol A &ste BF, Holxk Algd T Lol
0.8ug o]t =W A e A8E 4 + 3
o ZAYg@AAA F71F Cr(VD) AE&E 2 ul/min
o frgow 8A ARV HEAE W, lw/m
ol E FE3] £ shedittn £ & Urh &
ALl Cr(VD el #&F=rt 50us/mol 22 o] W
< ol#¥HE Holx HEFES 1/50MA % &3

o Fee T & Uk

3. IC/VAD #e| &tz 9l

=L

EFEYE PVC A#Ao] Hr1g A g9 B8
2 BUEE Table 2 € Table 33 2tk Table 2
o] A ARE ARSI 19 B9 A2A X
3 F 2% NaOH/3% Na,CO,2 FZ3le] BEM3

Table 2. Accuracy and Precision of lon Chromatography/Visible Absorbance Detection for Analyzing Cr(VI) in
PVC Filter Samples, Prepared from Standard Stock Solution of K,Cr,Q; and Analvzed after 24 Hours, by

Chromium Level

Level | level 2 Level 3
Sample ug pg Recovery” ug ne Recovery” Mg pe Recovery®
added® found Rate, % added? found Rate, % added” found Rate. ¢

1 10 9.1%8 91.8 25 23.91] 95.6 50 47.41 94.8

2 10 9.14 91.4 25 23,63 94.6 50) 46.02 92.0

3 10 9.21 92.1 25 23.57 94.3 50 46.86 93.7

4 10 9.44 94.4 25 23.01 92.0
Mean 9.24 92.4 23.54 941 46.76 93.5
SD 0.135 0.379 0.700
Cve 0.015 0.016 0.015

* The concentration of standard Cr(V1) stock solution was 1,000 pg/mL.

® Overall recovery is 93.3 %.
¢ CV : Coefficient of Variation. Overall CV is 0.015.

Table 3. Accuracy and Precision of Jon Chromatography/Visible Absorbance Detection for Analyzing Cr(VI) in
PVC Filter Samples. Prepared from Standard Stock Solution of K,Cr,0; and Analyzed within 2 Hours, by

Chromium Level

Amournt of Cr(VH

—_ No. of g fisnd. Jig Recovery Rate, % N
Samples added” = Cve
Mean=SD MeanxSD

I 3 10 9.8+0.16 98.1x1.6 0.016

2 3 10 11.9£0.71 109.547.1 0.065
3 3 15 14.4+£1.18 96.0+£7.9 0.082
4 3 20 20.7x0.41 103.4£2.0 0.020

5 3 30 29.1+0.14 97.2+0.5 0.005
6 3 30 28.742.17 95.7+7.2 0.076
7 2 40 39.520.06 98.8+0.2 0.002

8 3 50 S511x1.2] 103.3+2.4 0.023

9 3 60 59.1x1.82 98.623.0 0.031
Overall 26 - 100.1+4.5 0.047

* The concentration of standard Cr(V1) stock solution was 1,000 pg/ml..

" CV @ Coefficient of Variation

F L8 =




Table 4. Precision of lon Chromatography/Visible Absorbance Detection for Analyzing Co(VI) in PVC Filter
Samples, Prepared from Field Plating Solution. by Chromium Level

Level 1 Level 2 Level 3
Sample —— e
uL. added® pe found pl. added® ug tu nd pl. added® e found

| 10 4.60 25 11.54 S 2233

2 10 4.69 25 11.38 50 2107

3 10 4.67 25 1139 S50 22.07

4 10 4.67 25 11.50 50 22.29
Mean 4.66 11.52 22.06
SD 0.039 0.087 0.302

() 0[)9

( \/U

() () I

YA spculn volume of p]ahnu so]ulmn that was diluted with distilled water were adde 10 PV filters.

" CV @ Coefficient of Variation. Overall precision is 0.010

ADRZ Hi H5EE 93.3% (92.4 - 94.1%) el
V& 0.015 (0.015 - 0.016) & ‘/}E}‘Xkur Table

32 FFYS HUESE 3 2413 ool B A3
olt}y, ol A% F&&L 100.1% (95.7  109.5
%) (3 CVE 0.0472 ebstot,

Table 29] 3%4&0°) Table 39 FF&HT}E Yo

ol Cr (VDE ofBe B 5 19 B g
NS W] o) Foro] Belo] whE o) @
49 Aow HOIrh uwebx ois EAA gUri
7] 0-1@-5}71 Lmufzm A58e ¥71% $AA
ol wey BUE A%k eyl o] uis efr
4 o)t zae.i ddgn. ols g A
wol Cr(VD AIRAZ ¥ BAAAS A, 5 ¥

ARle] B5gol GFE VAT FLE

7lell =&¥
e r d4dn. C
2 o] x]zsg_t,]__- Aoz =A%

Table 4¥ =FA& 718 A8 AEE 1Y B¢
Wl & BAg ghgel WolAles 0.0140.008 -
0.014) & ebstrt, 2E o] Ajmo] ek &3
HolASE 0.01328 vhehudrh

NIOSH Method 76002.2 Cr(VD) &
MaFe] e wHiede dFe ¢
NIOSH Method 16041-:- olel gk el
& Hasd 4 glent gl vo
Aol ofel# dilol Aw}, v ICAH Hi
& ool dHE BT 5 UL Ww ophle
NIOSH Method 7600 %4 Method 76049 V3=

riV) & g7l =&sd &

EZ2
=}

¥ A

g
71 Ao

213 9P

FAsse) N8
JATD ¥

130

—e— Standard Solution{Initial amount : 21.3 ug}
O+ Plating Solution{initial amount : 27.6 pg)

120

110

Ratio of Measured Cr(V1) to Initial Cr(VH, %

0014

- |
!
70 g T T T {
0 2 4 ] L] 10 2 14
Time, Hour
Fig. 3. Stability of Cr(V1) in extraction solution, 2%
NaOH/3% Na.CO.. by time at room temperature.
Zkzb 0.029 2 0.043=(NIOSH, 1994) ol & ki
oo e Aok Gech ahea I0/VAD W
& PVC A7z ZHE *L\i%ﬂ CriVi el #4
of A&7 H Aew gyt
4, FENMZE Cr(Viel oy
Al whE &9 (2% NaOH/3% Na,CO,) %
o4l Cr(VD el Wk Fig. 39 Lo 538
Ho] AL CriVD e 52 6 AP Foll 278kt 7
o BUSATL, 10 Az Folm Z271%F9) o 98%0l
sdsted ol Al ibhx] #e] Wizt gl Ao R vl



Table 5. Analytical Results of Cr(VI) by Method and Spiked Level

NIOSH Method 7600 IC/VAD? Ratio
puL added* N
Mean, ug (A) SD,ug CV. % Mean, ug (B) SD,ug CV,% (A/B) X 100, %
10 4 15.61 0.374 0.024 12.65 0.050 0.004 123.4
20 4 30.54 0.906 0.030 25.77 0.109 0.004 118.5
30 4 4592 1.251 0.027 39.14 0.399 0.010 117.3
Total 12 0.027 0.007 119.7

* A specific volume of plating solution that was diluted with distilled water was added to PVC filter.
® [C/VAD : lon Chromatography/Visible Absorbance Detection

¢ CV : Coefficient of Variation

el ey o] AR o]F oF 2 A7t ARE T
2713 vlg) oF 10% 3= ZAAHJAT ZF3-899]
A%, Cr(VD S %2 6 AlZk - 10 AT BHAF 27]
%9 97 - 98% AEHI olF FFERYI} T2 &
Aoz Wslsigh. 10 AR o1F Cr(VD 9 ol o
L AT olfe Cr(VDe] 24Fdlx CrlD=2
Uy BEA viEes F3E

olg} Z& AR mRo] Rop Cr(VD)E ¢7le)
FZAFq e 10A70A] A9 A7t fle AL
2 veigth 48 dFakEe] Cr(V & 471 &
A A ¢HyEtcka 3% vt ok (Pedersen et.
al., 1989; Sheehan et. al., 1992; Zatka,
1985)

5. IC/VAD ®3} NIOSH Method 76002| 8|1l

ZaxdA AFHE =gdFed Fo WEEzl
EASeAE gA5ta ol g LBl FH 3ol
vixle GdEgE dolrr] 48 NIOSH Method
7600 2 IC/VAD Wgez BAMg ARE vmsd)
Ao,

Table 5914 H%e] Al ¥ FE22 A|2§ A
BE F7HA dhdel o3 AEE AU A A
(NIOSH Method 7600 / IC/VAD, %)7F St
119.7% (849 117.3 - 123.4%) 2 Yl ol
Ze Ade d% Agde DPCY wge dod
F gle el 3ol EAE THAHCE FIPHn
Atk

NIOSH Method 76002 Cr(VD) A8% A &
A3tel A diphenylcarbazidest ¥WHEAIAH FAI
4e gHe APEL YAHAN F ol visible

spectrophotometer2 % #dh= Wyjolch. o] uhy
o] EAHE DPCe wbg3ld A3FEL YA
F e B EA%te A% 4o HHFALE 4
o4 4 9t (Molina and Abell, 1987). wWahA
oje} Z& HWEEA| EAdle AL o] WYL ¥
Aol a8 F7HAFIE 8&Rlo] €dh ol#F &
AME sHAs7] 98 ICE &% NIOSH
Method 76047} AE=A o™ ICE Eeldtd Hm
% A&7 (conductivity detector) 2 ZESY ¥%
g AFse Wyeltt. EPA(1991) ¥ ASTM
(1992) M ICE ¥ F AxAE7] il
visible absorption spectrophotometerg& ©]-&3}
o FFste W (IC/VAD & Adst Qi)

ICE AHE3iAM Cr(VDE v B3y #el3 ¥
FHgste AL olHT o WEA o3 JFgFE
AAE = glong TFFF A5 AL ICE A
£8)4 ¥Adse o] nigAsic. v 1Ce] A
+ A8 F 5 F A=Y Azle] 2aFER BY
AlZbo] s @3l gl U AzE AR
o] AYEFUA 57 W BF 3% o|HE AR
AxA TFE F e LAE FAHECHE of A
Ao ¥IF Aoz e

Cr(VD & £43te wHez a4 aAdsdd=z
E2rlE18)9 (reverse phase liquid chromatog-
raphy) & °]&3le wWhie] ot o3 Cr(VDel
sodium diethyldithio-carbamate &3 %¥H&-she]
PP AP A2 @vtEas2 Feldtd
A&l whgolt}(Tande et. al, 1980). 18y
Cr(VD) & sodium diethyldithiocarbamate® pH
4 - 5.8 ol FAIZE vEEAIZE W Cr(VD e
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el 9z Cr(lD ol HA&HAke 27t o (=
AE, 1994). wehx o] WYL Cr(VDe EAlq
ol 2 Aol de Rez wddd, a3u IC
el A, Cr(VDE 971 £948 A CrO,?
HHE columnoly E2E F HEugE st ¥
48 €& ul2 visible absorbance detector®
AEH7) W 898 MY 5 g  Po)
et

VI. =9 3 HE

E dFs PVC o3z AFE CriVI) #419
319) ion chromatograph/visible absorbarce
detector W {IC/VAD)S] H8x 9 AYxE o
7hetsich, & AFAY de Age e B}

1. Cr(VI) #&EHo] Hrtd spiked sampledt
Rel mgzaiy TiE 37F CriVhe] 3
FTINEE 2% NaOH/3% Na,CO.2 &&3o
IC/VADE 248 2, Cr (VD) peak7t %387
e HAL peak areas o) A¥AAZ e
Cr(VD el Aako] shgsiich o wHal HEeA
= 0. 25u/sample ©l8l7 Vet

2. Cr (V) E58949E PVC oiAd] #ri8
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