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Q 9 E AFE $23E BAAX/} 2AH AAEF BT (HG-AAS)ES o] L3t vlw 3
TFEY Sed TRt v AFAA H5 Se £S5t A EFAE AH A
FHE AT Se(VD Se(IV)2 9] 2l AFollA H4=F 10 mL, 94+ F9=F 10 mL, 7FEAIZF 30
o] HA dxoz AQFHAY Ao 2AAEH FU1EY T 52 Bl Se 3¢
&0l 7.}&6}%'}@ upebA] 37FA] AHE SR (HNOyHCIO, 3, KMnO, w3 2 &g at 4haf)ol
o3 718, AH3E Bl @ #7114 Selorg), Se(IV) Akslol] wE Se 3F&S FESIAT
AP AT A oF 50~80%°1AUT Se I FEL EE AT A 90% o] Fol e 53], 2
ot JHES ol 9§ Se F]¢Eo] MY L SR UENTH 222 HG-AASE ©] &3 A
AA HAF Se LA 2T R F Ak A E ste AAE HAFo] /g AT AL
2 Yyesn.

Abstract : This study was conducted to find out the analysis condition of selenium(Se) in oil refinery
wastewater with a high concentration of Se using the atomic absorption spectrometry with hydride
generation system (HG-AAS). From various experiments that reduced Se(VI) to Se(IV), the optimum
pretreatment condition was determined to be a sample volume of 10 mL, HCl 10 mL, with a 30 min
heating time in a water bath. In oil refinery wastewater, as the concentration of organics and
constitution became higher, the recovery rates of Se decreased. Therefore, three acid digestion methods
(HNO3/HCIO, digestion, KMnO, digestion, and microwave acid digestion) were tested on the recovery

rates of Se in reference to the digestion of organics, petroleum and oxidation from organic
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Se(org.), Se(IV) to Se(VI). The experiment results showed that the average recovery rate of Se was the

highest in microwave acid digestion, although all of the digestions were more than 90%. In

consequence, the pretreatment procedure of microwave digestion followed by HCI addition was the

most suitable for selenium analysis in oil refinery wastewater by using HG-AAS.
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B Ay A= Appletond} Cain (1995)0] 28t A
A AdeA fFEEe AFY F8 AEeE geA
Peterson (1999)°] AF&-& Q18 444 #4(SRWW)'®
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Table 1. Compositions of synthetic oil refinery waste-

water (SRWW) (g/L)
Stock A Stock B Stock C
Na,;SO; 3.2 MgCl, - 6H,0 0.3 KHPO, 136.0
NaCl 6.0 MnCl, - 4H,0 0.014 NaOH 16.0
CuSOy - 5H,O 0.025
ZnCl, 0.58
FeSO, - TH,0 1.5

1) COD 1000 mg/L and 2000 mg/L as acetate

2) 5% petroleum and 10 pg/L seleno-DL-methionine for
acid digestion experiment
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2.12. EZ 8N

(1) Se(IV)(selenite) ¥

Sodium selenite (Na,SeOs - 5H,0) 3.329 ga =0] &
HCl (35%) 10mLE %3l ZEFE 1000 mLE ST
(1000 mg/L y_}_&on)

(2) Se(VD)(selenate) F=YH

Sodium selenate (Na;SeOy) 2.393 g& (1)3 F L
ZASH T (1000 mgL HEGo),

(3) Se(org.)(Organic selenide) =<

Seleno-DL-methionine (CsH;iNOSe) 2.490 g&
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(4) HG-AAS Z#THE TFgol
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Table 2. HG-AAS conditions for Se analysis

Descriptions Condition
AAS (Varian, SpectrAA-200)
Wavelength 196.0 nm
Electric current 10.0 mA
Acetylene pressure 0.2 kg/cm2
Air pressure 1.3 kg/cm2

Hydride generation apparatus (Varian, VGA 77)

Argon 50 psi
Sampling time 0.50 min
Reaction time 0.45 min

(9+1) HCI sol.
0.6 w/v%NaBH,4
(in 0.5 w/v% NaOH sol.)

Acid carrier

Reducing agent
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Fig. 1. Hydride generation system for selenium analysis
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Table 3. Factorial experimental design test condition

Item Condition A Condition B Condition C
Se(VI) Se(IV) Se(VI) Se(IV) Se(VI) Se(IV)
10 0 0 10 5 5
Conc. 20 0 0 20 10 10
(ug/ll) 30 0 0 30 15 15
40 0 0 40 20 20

AlS

2.2.2. Se(VI)oA Se(IV)29 2o

AFAAH oA HG-AASS] A-S A2 =4e
AA317] 18t Table 32] Aol T3t 47141 Se(VI)
2 243 5% Ad¥ AaAAdE, 9F A+ 4211
ol tished Se(VI)oll A Se(IV) o] g8
F35IATE SAN TS F33517] Aol HG-AAS2
MAE7] Ydste] 0~250 pgl H

fot
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& Cutterd AELY KMnO, 2HE3] FAL Standard
method & #7113}k

(1) 223} 23 (microwave digestion)

ol Bl AR 21 Table 49 2t)

o

Table 4. Working program of the microwave system

Power Pressure Time
Step . .
(%) (psi) (min)
1 100 180 5
2 80 180 10
3 - - 10
4 100 180 5
5 80 180 10

(2) HNOyHCIO, 3|

50 mL Hlo]7d] A|E 2 mL9} 5 mL HNO;S 37138}
o] 3A17F B2t 7F€3 & 0.2 mL HCIOE H7Fske o
Al 3AIZE B 7HEE U AlEY AaEA R E T
et otk o] g w7kA] FEATIH. ol
3l HNO3/HCIO, reflux S 3HH 1 WHE33 HNO;

£ 5 mLvF HUete] 347 JHEe & AaEA e s

2A7] T 10 mLe] 4 M AR ¥
AA 045 m PHEHQ FEZ A7F &
SFE 345k 2% Ka$0588S 05 mL

(3) Permanganate 23l

AdHel Al 5 mL9t 25% HoSOs 5 mL 3 5%
KMnO, €9 1 mLE ¥ 3 FXA 147 718

ste] Why3gk & hydroxylamin hydrochloride &8 %
W Arskdnh

FUA

=

250 pgL7A] ZAdste] AAE
=A% A3 Fig. 29} o] Se
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PO T Z HG-AAS HHHo| 23t FF <]
0~50 pgLoZ AAsy FFEA L A5 A

TRk
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Fig. 2. Absorbance of Se(IV) by HG-AAS under various
concentrations.
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AiF Al we AEAHoR Fdgo] Ao
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Al Se(V)e] H&Hgo] d53t7] Al&ste] 7.5 MollA] o

BR Se(V)7} Se(V)E A= dtte Baust fALst
o 28y 108 w5 QlE AREA *‘1#011/\1% 10
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Fig. 3. Reduction rates of Se(VI) with addition of HCL
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Fig. 4. Reduction rates of Se(VI) with addition of HCl
for each solution volume.
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Table 5. Experimental conditions for reduction from
Se(VI) to Se(IV) in SRWW

Items Condition
Sample 10 mL
Addition of HCl 10 mL
Boiling time 30 min

3.3. Se(N)&t Se(w)2| 3|2

331 MREA ol =Y M0 ofst Se sl2

Heo] AR 93 Se I5E AFL st
Az WE Se 313ME B 24 TR Se &
S Hue A Table 69 2ol UelTh A0 43
H Se(Ms} Se(Vh= 2EFolMe tiFie] 3453
Otﬂ AF MFAA oMz oF 98%°] & 35&

< Yehidth 2y 108 B 9y A4 Ha
°ﬂ*1r Z&go) wis) < 10%, A58A Fgeol s
oF 8% AE W& 35ES HYormz AF M{HA
Ho] AR Se(V)e Y L AAS A4
A Agste As 99T F AUk ET Se TE

vk Ay tiFEe] Algo
S|4&-2 ItHA] X]'OV]' BIOCREARS
Se(V)Ftez 2AH A|R9 3)4&o| 7P U3 o
207 Se(IV)h Se(VI) BEFAIE, Se(V) AlEY o7
glehge] e 34ge] Aols Btk

Table 6. Average selenium recovery rate for various
Se species samples

Selenium recovery rate, %

Composition of

. . DI SRWW
selenium species SRWW
water (x10)
Se(IV) only 101.3 93.0 98.7
Se(IV)+Se(VI) 99.3 90.1 98.5
Se(VI) only 98.6 87.4 97.7
3.3.2. M7HH "ol 7|2 SO TE Se 3TE

L
[e)

718 &9 w}‘—f—’_— JF AFAA H59 Se(IV)<h
Se(VD ] 3|+&S HESH A7 Table 77} 7o) VER:
t}. COD 1,000 mgL%l 7% 108 &3 <¥ AF3A
Heo = Se sk <k 3
B Jo 2574 A

SgAES AY AoV}

gl A= Se(lV) A1E7}

Lol EFET . 7Fel A

o

87.3%, Se(IV)$} Se(VI) B3 A&7} 84.1%, Se(VI) A&
7} 81.0% 2 3eHEo] wE 3489 '}01—2— Rtk =
g COD 2,000 mgL3l A< 10 53 IF AH3A
Hol s Se(lV) AlselA 71 %‘8 IFes 2
om, F MfAA #HA5] Se IFEE Se(lV) AlE7F
84.0%, Se(IV)$} Se(VI) EIAE7} 81.3%, Se(V) A&
7} 772%2 108) F5F ¥ ARHAA dgot viRioiA|
2 Se(lV) AlES] F]ggo] &3kt o] Z¥ Fig. 6
I} o] frlEo] EABHA &e QAT ARKEA
Se 3|FEL 90%oldelH ot Hao] 2AFEC] 104
Foldd wel HG-AAS HHEAA] oF 20~25%2
ZHERE-S Kol §7)8 F%7} 1,000 mgLolA 2,000
ngLE gl wel o 3~5% A= gadle A4S
A 4 A

Table 7. Average selenium recovery rate for various
Se species samples

Selenium recovery rate, %

Composition of

. COD 1,000 mg/L COD 2,000 mg/L
selenium
species SRWW SRWW SRWW SRWW
(x10) (x10)
Se(IV) only 63.6 87.3 61.0 84.0
Se(IV)+Se(VI) 63.6 84.1 58.7 81.3
Se(VI) only 63.5 81.0 58.7 772
I
120 SR (0D ) B S o Do <10
O SRWW (COD 1000mg/L, x10) [E SRWW (00D 2000mg/L, x10)
F100 %8s 90,2
2 84.1
E & | —— 80.8
% 636 59.5
9 60 ;
g 40
H
20 4

0

Fig. 6. Comparison of average recovery rates for

various conditions.
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HNOyHCIO; #3ll, KMnO, &3l 9 293} 3o o
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50~80%°IU¥ Se 3F&S BE AR EE 90%0]
|

petroleum 5%, selenono-DL-methionine 10 ug/L3l <1
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£ &35 A7 Fig. 87} o] Se &L HE 4
X 714 Se(org)?t AfrstdEe] HUEA %
SRWW¢} ul7FA 2 ¢F 90% oo UEitth o]
714 Se(org)7} Se(VE i 4FtE|lom /7]
Q1 o ELNG A SFER Fall7F A o] 73
HojErh oo 374 AHEslel & Se
F&5 Hlwd Ad Fig. 99} o] 3717 AR

o,
1~
ﬁﬂmﬁr{rrlor{m%oﬂrﬁ&ﬁ
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gk 4tsl 2 Ba 882 7] Se(org) 2 A IAFE
< ke A ArkelA] &2 Al & Aol7t 8l
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10g Se 348 APAXE
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icrowave AUA|7} &% F2A3 AL do)
24 A5 B T Sed] FHWAEFo] th
A= FAE ALY Se F Se o] oA
o2 &HA ¥ AEE olFshe A
wolgtn Hastyithk 1y & A3elA
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Se 4F3t A& 7MY & ZOE dehgth 299
1.
_8_

1.15%, KMnO,

PV W)

microwave] 2HE

5

Vol.16, No.5, 2003

o] 8¢ M {FAAHFF 9 selenium 4 405

100 Q__,_/_—S——o—’—’ﬂ
£ T Ty .
77777777777777 v
2 90 M
o
>
g 80 o N
3 N —®—— Microwave
3 o HNO3/HCIO,4
L 704 N
c N —— y—— KMnO,
5 ~ — = None
‘= 60 =
@ e
3 T
50 - Trm— o
-~

40

10 20 30 40
Concentration of Se added

Fig. 7. Selenium recovery rate for various acid digestion
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