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A Study of Interference Factor of Analysis Method of Hexavalent Chromium
in Soil using UV/VIS Spectrometry and Application of Ion Chromatography
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ABSTRACT

This study was performed to find the problems according to interference factors (organic matter, pH, Cr, Mn, Fe, clay, and
etc.) when we analyzed the hexavalent chromium [Cr(VI)] in soils using UV/VIS spectrometer (US EPA 7196A),
attempted to evaluate the domestic applicability of analytical method (US EPA 7199) using IC-UV/VIS spectrometer as
alternative method. The recovery rate of certified reference materials was 75.0% (US EPA 7196A) and 101.4% (US EPA
7199) by the analytical methods. As the results of performing QA/QC about US EPA 7199, method detection limit (MDL)
and limit of quantification (LOQ) were 0.062 mg/kg, 0.196 mg/kg, respectively. The LOQ of US EPA 7199 was lower
than that of the current soil official testing method in Korea (0.5 mg/kg). Cr(VI) contents in 23 soil samples were
compared by the analytical methods of EPA 7196A and 7199. Cr(VI) was detected in 13 of 23 soil samples by EPA
7196A, while EPA 7199 was not detected in any soil samples. The Cr(VI) content in 23 soil samples by EPA 7196A was
not clearly correlated with Cr, Fe, Mn and clay content in the soil samples. However, the contents of Cr(VI) and organic
matter of the soil samples had the highest coefficient of determination (R?) of 0.80. In order to evaluate the correlation
between the recovery rates of Cr(VI) and organic matter contents in the soil samples, the recovery rates of 5 soil samples
added Cr(VI) standard solution were analyzed by the analytical methods. According to the results, the higher the organic
matter contents in soil samples, the lower the recovery rates of Cr(VI) by US EPA 7196, while in case of US EPA 7199,
the recovery rates were stable regardless of the organic matter contents.
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2002). 283 67} Z&EL International Agency for
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St

N

Q1o ™, American Conference of Governmental
Industrial Hygienists ACGIHIM = Al HoE Rkl
ATHIARC, 2011; US EPA IRIS, 2012; ACGIH, 2011).
AAA N9l 67} 2L pH 1.0~6.5914% HCrO4,
pH 6.5 oPdellx= CrOfﬂ iAo 2 EAEt] wiZell
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o, gevehR= 2009”‘ d EUSHERAY Al
EdearEel /IgE et 1199 A9 5 mg/ke(F-
HA71E 15 mg/kg(“ﬂx‘]ﬂ'r)— 288kl Ut

EY T o7F 35 Addel 49, US EPAYIAM= A
Aepdor ] EH(US EPA 3060A), S
Ho g zp)XM A B3 EH(UV/VIS spectrometry)
(US EPA 7196A), O]iﬂiﬂ}ilaﬁrq.x}ﬂ/dp}/\]/d B
FPEH(IC-UV/VIS spectrometry)(US EPA 7199), S5
3 FHYA 34 A EAWH(SIDMS, SpeCIated
Isotope Dilution Mass Spectrometry)(US EPA 6800)
o) ok, =R SAIEETA (soPiMe G = F
IC-UV/VIS EAHH(ISO 15192)2. 2 US EPA 3060A
9 US EPA 71999} frAlslH, SYXEFFH3= o5 6
7} A28 B8R o E K,HPOZS o|-&3le] pH 8
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251 = WP (DIN 19734)°] AtH(Table 1).
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Table 1. Analytical methods for hexavalent chromium in soils
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H7F JoHKim et al, 2011). 28|22 =) AP0
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ofelgel ) el $4s) S} g g
R S pl} U WRlo] Beos EASRE 7
Ao v) 28 M8z A8 o) 28] A0 Be
5 Qor], FEAAoIN thgow S8 f71E0] WA
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Aokl DPC §A} whg-5le] 540 nmollA]
o= 4 SltHHarzdorf, 1987; Hou et al.,
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and Capri, 2005; Vitale et al., 1997; Tirez et al., 2007).
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Kim et al, 2011, 2215 28 59| @) 23

DPC & WHEAIA WAsl7] 98] &4k = pH 2+
0.52 245K A2 HlA 67 ZFo| DPC S}
Wgs7] Al f71=, Fe 5o o) 371 2502 2

T UYHuo et al., 1998; James et al, 1995;

US EPA 3060A (1996)

ISO 15192 (2010) DIN 19734 (1999)

Extractant NaOH / Na,CO;
Extraction Temperate 90~95°C
Extraction Time 60 min

UV/VIS (US EPA 7196A)
IC-UV/VIS (US EPA 7199)
SIDMS (US EPA 6800)

Measurement

NaOH / Na,CO5 K,HPO,
92.5+2.5°C Room temperature

60 min 30 min

IC-UV/VIS UV/VIS
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H,S0,(J.T.Baker, USA)I o] 1LE A3t AM8313
o). g3l Al§9] pH7F PCROIAMS} & 2] 1S
1A =W DPC &7 ¥h3-5 3p7] Aol 7t IF72
2 3E e AFe] A7) vl 28N (Buffer
Solutiony> 1 mM LiOH(Sigma-Aldrich, USA)?} 7.8 mM
Li,SO,(Sigma-Aldrich, USA)E ©]|&3}e] DPC &3}
WS A7HA @ pH 9 oS FAIE = Al BT
FF89L Na,CrO, - 4H,0(Sigma-Aldrich, USA)YE ©]&
slo] GAEE Ax3 & A88itt. S| FES
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o= 3, Erwd WelE WAlslaL EAEHS BS
3F7] $J8l ®ZZ= (Guard column, Metrosep A suppl0
Guard HC)S A3t
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Fig. 1. Flowchart of the preparation and analysis for hexavalent
chromium in soils.
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Table 2. lon Chromatography condition for analysis of
hexavalent chromium

Guard column Metrosep A Supp 10 Guard HC

Analytical column Metrosep A Supp 10

Column oven 50°C

50 mM LiOH
Eluent 10mM Li, SO,
Eluent flow rate 1.0 mL/min

0.5 g/L. Diphenylcarbazide
Post column reagent 10% MeOH

1N H,SO,

. 1 mM LiOH

Buffer Solution 78mM Li,SO,
Post Column flow rate 0.4 mL/min
Detection wavelength 540 nm
Injection volume 1000 uLL

o vl EFd(USDA)YY ER5atel o8 B3t
1S BEY T VRS T o3 K =
7Ao7 sl FaEsFOR 2BIAA 2BE Q8] &
2y JsAe] o= RS 8h= Walkley-black
Hog FEASI9T(Nelson et al., 1996). FEIIERS EoF
LAZHAGZIFES 07301.1)00 w2} 385190, Cr,
Mn, Fed] H3ZE ES 07400, Z3-& 1SO 220362 2
Lsidth. S8 AEAgEetRrt ARpEEgA
(ICP-AES, Varian 720-ES)Z AR&-3ldth T+ Al&HPA

5 - grlet - 4EE -

of

HAEE 23 ¢/} IF JSHETAIE= ERA(Environmental
Resource Associates)®] No. 9218 AR&-3159t}.

24 MEEE|HERE

IC-UV/VISHS]  7]7173 &3 (Instrument ~ detection
limityE 73171 $I5kd ES 070019 AERZ A= o
we} S/NHI 3Hf o] 3k sl 2ugle] AEE
W Z4319001, WH7AEIA (Method detection limity=
W AT F 7S] A=A (Limit of quantification)
21 0.5 mgkgs I1Elele] AAE] HHAIN FFELS T
A3t 04 mgkg F=] AES 73] WHE Sl A
Avke] FFHAKs)Pl 99% AFEeM9] XS ¥
of TRt

fm

E

3.1 9 nE
3.1. QIZSHEZA|2(ERM 921)E 0|25} 3|-gH|1
T 7 Al HES
TAFRE A3t 3585 HESITE. ERA(Environ-
mental Resource Associates)*}2] No. 9212 283}
o8-S ®43 A, US EPA 7196A(UV/VIS)=
75.0%, US EPA 7199(1C)& 101.4%= US EPA 7199
(IC-UV/VISY} thar A3t 8485 B TH(Table 3).

Table 3. Certified values of quality control standard and recovery rates

ERA 921 (mg/kg)

Recovery rates (%)

Parameter Perf A
Certified Value QC Per 0““5;:; CCePNCe ;g EpA 7196A  US EPA 7199
Ccr** 109 76.7~140 75.0 101.4
3 mAU
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Table 4. IDL, precision and accuracy of hexavalent chromium analysis by using IC-UV/VIS

Element Test Conc. (ug/L) IDL (ug/L)

LOQ (ug/L)

Precision (%) Accuracy (%)

Cr® 2.0 0.571

1.820 9.2 98.8

Table 5. MDL, precision and accuracy of hexavalent chromium analysis by using IC-UV/VIS

Element Test Conc. (mg/kg) MDL (mg/kg) LOQ (mg/kg) Precision (%) Accuracy (%)
cr® 0.4 0.061 0.196 4.8 102.3
Table 6. Chemical properties of soil samples

Sample No. pH Organic matter (%) Cr (mg/kg)  Mn (mg/kg) Fe (%) Clay (%) Texture
S-1 5.0 0.52 3045 852.82 3.48 40.61 Clay
S-2 6.7 0.87 12.73 630.43 1.82 7.84 Loamy sand
S-3 6.1 0.95 45.63 283.67 2.65 4.96 Sandy loam
S -4 6.4 0.98 21.17 557.80 2.53 7.33 Sandy loam
S-5 5.1 1.48 83.90 376.31 4.88 19.78 Sandy clay loam
S-6 5.9 1.74 17.98 1,045.07 225 18.33 Sandy loam
S-7 5.4 1.75 22.50 699.91 2.56 35.04 Silty clay loam
S-8 6.8 1.94 69.09 1,354.61 3.79 11.57 Sandy loam
S-9 6.2 2.01 21.37 1,041.28 2.70 22.92 Loam
S-10 33 2.08 26.84 346.43 2.66 18.68 Silt loam
S-11 6.6 2.39 50.45 1,085.65 2.33 11.26 Loam
S-12 34 2.78 16.18 531.88 16.96 1.43 Loamy sand
S-13 6.6 2.94 65.88 548.79 441 13.81 Sandy loam
S-14 5.2 3.01 143.56 917.93 4.15 17.47 Sandy loam
S-15 6.9 3.79 83.30 67141 427 7.83 Sandy loam
S -16 5.4 424 24.00 415.77 2.62 18.37 Loam
S -17 6.7 5.43 138.19 1,083.81 3.58 13.43 Loam
S-18 5.1 6.31 2745 1,237.43 5.45 24.48 Loam
S-19 6.2 8.23 16.89 516.12 6.44 12.17 Loamy sand
S -20 6.0 9.20 69.76 1,189.27 6.02 19.37 Silt loam
S -21 4.6 9.56 3230 55331 2.96 29.93 Clay loam
S-22 5.8 18.75 67.17 1,177.84 428 18.91 Silt loam
S -23 5.4 22.51 60.89 842.79 5.27 11.83 Silt loam

32. M| AMERS

2pg/Ld] B8 Axd FFgNS AMgsle] 1C-UV/
VIS 7171HEIHAIDLYE &% A3 0.571 ugLE
eI 18]a1 FAES Mmg/kgﬂ e IFg
NS Tt gl 83 F IC-UV/VISZE 4%
W AZSHA(MDL)YE  0.061 mg/kg, 3 #3HA|(LOQ)E
0.196 mgkgo 2 Y} & EFSATGAE7IEY A
FEAI (0.5 mg/kg)ll HIFo] & W 53t AHE e
Ak, 7I71HESHA, WHEESHe] vk SRR B
o, A= 95-105%= HE3}ATH Table

AUE 10%
4, 5).

MA

SESECEREEEL R

~ O

4

33. SiE EQNE
Za

A EYAE 2379 f71EEE, B 5 =2isEE

730l thall A58t Table 60 YERHAATE EAS
sandy clay loam, sandy loam %5 CFFSHA YeElda, 2+
2ol HFEE(H9)E pH 5.7(3.3~6.9), Clay 3
17.23(1.43~40.61)%, 71585 5.00(0.52~22.51)%= 5
Fuale] =B Hx|Q 2.3%9} TS Hitx]2d 2.2%
o] vl =2 S Holal UTHASI, 1985). 183l =
29 FAFEEEE 50.10(12.73~143.56) mgkgs 2
Eol = = et A9 AFAGERBE ¥

AGer Yepkon, AHREGS 18d vt A

l
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Table 7. Comparison of Cr (VI) contents in soil samples according to the analytical methods

US EPA Method 7196A

US EPA Method 7199

(mg/kg) (mg/kg)
Sample No.
Analysis V\{ithout DPC . Analysis . (B)-(A)* Cr (VI). Cr (VI).
solution(A) with DPC solution(B) concentration concentration
S-1 1.132 1.599 0.467 ND** ND
S-2 ND 0.204 0.204 ND ND
S-3 2.328 0.718 -1.610 ND ND
S-4 ND 0.784 0.784 0.784 ND
S-5 1.334 1.501 0.167 ND ND
S-6 0.614 1.269 0.655 0.655 ND
S-7 0.701 1.886 1.185 1.185 ND
S-8 0.465 3.278 2.813 2.813 ND
S-9 0.271 0.910 0.639 0.639 ND
S-10 0.533 1.026 0.493 ND ND
S-1 0.364 2.373 2.009 2.009 ND
S-12 0.162 0914 0.752 0.752 ND
S-13 0.743 1.066 0.323 ND ND
S-14 0.855 1.557 0.702 0.702 ND
S-15 1.648 3.230 1.582 1.582 ND
S - 16 1.739 2.579 0.840 0.840 ND
S -17 1.123 2.012 0.889 0.889 ND
S - 18 1.548 1.762 0.214 ND ND
S-19 0.585 0.552 —-0.033 ND ND
S -20 5.849 6.369 0.520 0.520 ND
S-21 8.051 9.713 1.662 1.662 ND
S -22 11.92 12.361 0.441 ND ND
S-23 13.61 11.968 —-1.642 ND ND

*(B)~(A) : Final Hexavalent Chromium concentration by subtracting the absorbance by turbidity

**ND : Not detected

Au7EEER] 2536 mgkgRt F2 5 HYITHNIER,
2004). Mn 783.74(283.67~1,354.61) mg/kg, Fe 4.26
(1.82~16.96)%= AFAEYC] FdE<] Mn 1,000 mgkg,
Fe 4%%} Pls=gt 3Hs JERAITHBowen, 1979).

34. BEEAZ 0|8 US EPA 7196A%} US EPA
71992| H|mE2A Z1}

AFESFS o83t AFPHE o7F A7 ENES
Table 73 Zt} olw] US EPA 7196A EX743} & A
= H= WA Zelil BE DPC &ds FUY &
Al Ao, B-A= DPC &5 7t w=olA 37t
3] g2 TEE zﬂﬂfﬂ Afolrt. B3t EYLATHA
7ol wel AgeHA(0.5 mgkg) TTRe] e EXHE
(ND)Z e}

AE HF(H$) 240(ND~13.61) mgkg, BE 3.20

(0.20~12.36) mg/kg, DPC &4 F¢] f¥o] e 5

A
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=g Jore g E=2 FHIAR? = 0.80)F LE
WrkFig. 2). o= 44 ESS o8t A7 &S 6
7} Z&] BAR?: 0.80)2} HISS IS BTl ot
(Jung et al, 2011). B3+ IC-UV/VISE A}&3lE U
EPA 71992] Algolld BE Ao BHE dde=
ol AFTE vl o] GRS w3l
71%°] DPC §47} g3l WAE 4= = o] o3
7F A 5= Qo 7189 AFel AAIShs Aol
(Kim et al., 2011).
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Fig. 2. Relationship between Cr(VI) contents and the other components.
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Table 8. Comparison of the recovery rates between US EPA 7196A and 7199 by organic matter content

Recovery rates(%)

No. Organic matter content (%)
US EPA 7196A US EPA 7199
Ottawa Sand 87.3 94.7 -
TS-1 61.5 88.0 1.48
TS-2 58.5 88.4 1.74
TS-3 52.1 119.9 0.52
TS-4 10.9 86.8 9.20
TS-5 0.1 96.3 22.51

CRM
Soil Samples

Absorbance

300 400 500 600 700 800
Wavelength(nm)

Fig. 3. The wavelength characteristics of CRM and soil samples.

3.5. EQo| RY|EEIEE 128t US EPA 7196A%} US
EPA 71992| H|m=A{Zdn}

9 Ans B ERIE] st R FANES
(Ottawa sand, Fisher scientificy?} $H4| f7]=gtako] o
HhA ol EFA] 5(0.52~1.48%) 333 HS EUGAE
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Fig. 4. Comparison of the wavelength characteristics of soil
samples depending on addition of Cr (VI) standard solution.
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