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ABSTRACT

Objectives: The objectives of this study were to develop a quality control protocol of inorganic acids using ion
chromatograph and to evaluate analytical proficiency of the legally designated agencies.

Methods: This study prepared inorganic acid samples by injecting three anion certified solutions (chloride,
nitrate, and sulfate) on the quartz filters. To investigate the storage stability and concentration consistency of
the samples, 240 samples for each anion were tested at weeks 0, 2, 4, 8, 12, and 16 while storing at 4C and
25C. To evaluate analytical proficiency, two separate testings were administrated for six skilled analysts and

46 analysts affiliated with legally designated agencies.

Results: Average recoveries of the three ions after 16 weeks of storage were fairly high (over 95%). In
addition, average recoveries (chloride = 97%, nitrate = 96%, and sulfate = 103%) after 16 weeks of storage at
low temperate were relatively higher than those (94%, 93%, and 98%) at room temperature. The coefficients
of variation (CV) for the three ions were less than 5% except for the sulfate sample at 5.56 ug (CV = 12.4%).
The average ratios of the concentration values analyzed by the legally designated agencies to the injected
concentrations were close to 1. However, their CVs were relatively greater (chloride < 49%, nitrate < 14%,
and sulfate < 28%), which implies a need for quality control.

Conclusions: The quality control protocol used in this study for the three inorganic acids can be utilized in the

quality control for ion chromatography.

Key words: inorganic acids, proficiency analytical testing,
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o] d5Hog ool FFtHMoEL, 2020).

AgEopo] 9= FofQlAkE AGH R Sy
1 lem, & QI8 AgEoF Frye ol 7|39
X F7Fokal ot AREEoF fofiQlAte B HFgol
20179 7R =EHA 201840 ABHFA(EARA H9),
201940 ZELH5|=, 202090 7] S AHo=z
S =9t Kwon et al., 2017; Park et al., 2018).
AgwoF Jrae]of Hofgt 2854782 20184 5
MaGEEetA), 20199 367R4GEHFA: 10784, &
ELs|E: 26714), 20209 927HARESHTA: 2970
&, ZELHSIE: 50704, 371 F AW 1371490
(OSHRI, 2020a). °]2|3t 57t FAl= E45571389]
AEE o] R} g JFos Y= ok

Ol EREIHZ= XHSG7| Y oF 48%7F B
ol 9JO1HHa et al., 2017) g AH|E L) &
A== Fof Aol tigt Jrde] Ho] BAgh AAo]
o}, 7] 250kt ARgEokY] [l et £ &
SfIQIRPE Adolgt AulE E-83ttt 72ROkl R8st
2 7IAARAETH IS ARG AR, 52 9
ASFFYEA(E= 2 So2nt 234854 €
B9 BAE. ARl ZEUY 6| B A I =}t
ETHnE AR, 37] 5 A EAd= At
Au|o] E&Htt. 7o Aed B4 Avls AT
g Ho] AAHCE FHEo] Qlov, AAESH
ool A gt 71& 9 ApgHofo] ZJE|R] of= FU)4t
7, 6713F, AIRIBIRME, dol2 52 E45k= o AR
= o] RutEIH I = FEye o] Iio] A
HEo] IA] At wEbA] ARg Fofo] 23tE = 75Ql
A7F GjEs FAE 18T W o] 23 2utE T Lo
gt e WS sk o] Zasitt

£ A= oI EREIH IO BA AlEdS T9E
StalA} o] 2 Z2rtE T mo] gt Feye] S A
Totoitt. ol 2ARUETIHEE S8 A=y i
FolldAts 2AAEESY i FolidAte|HAl ARIE
A EAA] gt AEXAHKOHAA, 2017)°A4 A&
2oF &1 Aswrt 7MY E9E FUARE A E
Ak & ds AwEE AR 717 2% AlRY
AN LAY DI 2 AollA] Akd Frye]
Hol Y ARSI AEHETE 2)2 APS S
AT 2 A7 HHES Zate o|IErE
I ZE 83 B4 Ao Aehy SAXER
8ot €82 & S AoE Alsdrh

Journal of Korean Society of Occupational and Environmental Hygiene, 2021: 31(1): 22-30

o
rto
]
Hu
=}
E
=
(T
ok
)
ro
40
N
rx
Ju
ox
H
rH
il
oz
o
re
-
N
w

. 20199 =W ZAESANA 131,327419] F7]
AF £7o] qlem, F4H40,1637), B4KH29,88571),
ZAAH21,9947), B4K19,2267), Q14K17,4107), B=
AH2,64971)9] 082 & RLrt B9t 592 &
Ab GAE AL QAR AEtE] =07 XAk QL
OH(IFA, 2020), B SHih @4k FAAs F=ae
rEo g st JTHLGC, 2020).

2 A= ARE 35 T4 gk ZEAeRe
2 FA0]2(CN 39883(1,000 mg/ £), 06740(10,000
mg/ (), Sigma-Aldrich), Z4]&(CN 74246(1,000
mg/ {), Sigma-Aldrich), &4l 2(CN 90071(1,000
mg/ ), 79735(9,996 mg/ (), Sigma-Aldrich)& AR&
sttt F7ARRY] AEdEE AF seE2 U
LE71E@ATE AR g7 4= 02 g
/o, At = 1ppm, A4t = 2ppm)3} =] =9
SEHA(F= 5~50 ug/sample, =L 0.02~5.8 mg/n)
£ $EHOo=R 15t 5~100 ug/sampleZ A=
Atk 2 A= AR 4F9AHA(B7 m, 1.2 wm,
Type R-100, CN 225-1827, SKC inc., PA, USA)
£ ARESIITE | FUH 9] R4 S EAEH
A ABARHE A= AP FEoA oA R
HHA I Q= FAolH, o8] ofifx] FofA Agojxt
A E40l AAE wol AFEEIL lon, Agojxt
Ao &H FYo] golsta] FFoAE HE=E |
A&t Ut

2. A 1 Mg MEerdd

2 A7+= AR ARRMAES 87| sl Al
L 47K 24, AlE By 271K 24, d=1
AE B3 712 671K 2AE sk WA, AR
FEE gEAE 5, 20, 60, 100 ug/sampleZ A
H9th I83 AR B 22 AR(250) 2 %
(4C)o= A=t npReto g, Alg9] Bt 7|7
0FRN = AE thag), 257K AR 1493}), 454
5 AR 2894, 8F(A= AR 5694, 125K = Al
ZF 8494Ah, 165 = AZF 11292hE 24 =AU
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Table 1. Instrument and analytical conditions for anions analysis(OSHRI, 2020b)

ltem Instrument and analytical conditions

Dionex AS-AP, ICS-5000 DP

System Dionex ICS-5000+ EG, ICS-5000+ DC

Conductivity detector (Cell temperature 35°C, Temp. compensation. 1.7)
Column AS-19 (4x250 mm) and AG-19(4x50 mm)

Temperature : 30C
SUDDrESSOr Type : ADRS 600, 4 mm

PP Current : 161 mA, CRD 200, 4 mn

Injection volume 25

Flow rate : 1.3 m/min

Time(min) 0 7 8 12 13 14

Eluent

KOH Conc.(mM)

20 | 20 | 50 | 50 | 20 | 20

Total run time :

14min

Retention time(min) Chloride :

5.1, Nitrate :

9.2, Sulfate : 10.2

B, AR B 77k A9 4RATRIE 25 0
SR04 oI 43 4202 Yol
CuEh B Qs Adole TEE(100 el o
At 85, 12%—, 165 B4l 65, 105, 1450 ARE
A3jo] Alglo] o]2olxx] ere FAle] S T

Hoz A=3} 22 QL E AA Tt
A Azl e B2 % Table 19] 1
9 27& AE&s5to] o|FojFt £ A 4 AA
= AR 03014'7\])— 50 m{ ZetAE AEHFalcon

polypropylene conical tube, Corning Science,

Mexico)oll €11, F&8M(0.3 mM NaHCO3, 2.7

mM Na2CO03) 10 mE ¥ &, 1587t 251429

07 AP AHCPX 8800H-F, Branson ultrasonics
Corp. USA). & A79] #42 AUAIG ml, KOVAX,
Sterile Hypodermic syringe, Korea Vaccine Co.,

Korea)o AAXHE(Millex-LCR, 0.45 um, 13 mn,

Hydrophilic PTFE, Merck Millipore Ltd, Ireland)

£ 4aske, 289 HE AR o 3 HE 9 T 2
7] oj7el 891 1.5 mE W1 olx] ofTE gohg

A8tk Waole A9 22 7o) ARE A

st on, AYRMEL S5E(KE AR 55 tiH] v

)2 Ar&sto] g7tk

Hn:_uJHrurﬂ'

N

3. &g 2 x|1+’<1+7|4",;+ I—E—M.QHE
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A 718 e st thEd ‘34 A=A 2
2 221011 AMed AT 5L SHl, FEsES
5~100 ug/sample ¥ WollA 574 4\5{5 10, 20,
60, 100 o= AxsUtt. AEe s=FE A
9 FEAR NS 67 AR SA=E 2715 2 3o
718 vjEsiict. HiE § @2 AlEes oF 170E7t
3 Histgon, For|Hog iy BE9E HYY
Foll ¥ Bt Fold ARE AFzlo] AAHoR
Mgt Aol vl st

T WA EASEE BUHAHE ARDe A
BER7IE SOl AEA o2 o] 4% 4671 7]
< HFoE sioith dEd 9 AlRRANEE 2
ol Aed A sdstgiod, FEdY s
10~60 ug/sample He WA 57 2(12, 20,
35, 42, 55 )22 AXSh NEe= T F
Z912 AAE 4709 BAIE 2705 ZF Fro7] el i
steloH, 170 F E44%E At

N FE:F_?EO
N,

|

flo o i

A 2

A BAEA dA FYFE S%E FET
Grubb's testg &0l oA E T E A|ASIAT. Al
29 AL dUEAEX(one-way analysis
of variance)& Z-&sto] BAH=oH, &4 7%
o] BALHTrE= AARE t H(one sample t-test)
= A8t EAEQT. EAREA2 Minitab (v7,
Minitab Inc)& AR&SIe] o]Foijflom, TURE ¢
A2 SPSS (PASW statistics 18.0.0, SPSS Inc)Z
Arg5to] 433 =| et

rle oHn
r-III
rox

E
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1. A= MForygd

FAol 22 Fig 1agt Zo] A& E37|7to] < F
(45 oJsh) F|go] o, Alm E#|7to] ZojZ]|
H@F o) BAZHCE [olotA Fgo] Eolte
Ao g BAEQTHE(15, 230) = 10.12, p < 0.001). c
E EY, 45779 B4 582 99.8%(H 9 = 98.1~
100.7%)°14, 165Fx= 95.2% (MY = 90.9~97.3%)
2 Thh Aot=|Qlet §HH, H4ol22 Fig 1bet o]
A= B7|7to] S 445 olsh) Als Babe
T2 Zjo|7F [FolotA] oo, Alg Hir|7to] Zof
2 AH8F oA A2 St A|59] 5]5=&0] Fos}
Al Astele Ao=Z TtEQTHE(S, 230) = 11.67, p
0.001). A& &9, A7I7H8F~16%) Alas I Kt
St AL 3482 B 98.1% (B9 = 97.6~100%)°]

110
100 'a:;;_‘-ﬁ-‘-‘-O‘-s: ----- R Sttt ==ca

I -

Recovery
(%)

70

60

50
0 2 4 6 8 10 12 14 16

Storage duration (week)

(@) Interaction effect between
concentration and storage duration

Figure 1. Storage stability for chloride

120
110 P = Sy
oo BEIsEl o < T 3
Recovery 90 - o 7
(%) 80
70
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0 2 4 6 8 10 12 14 16

Storage duration (week)

_____
—~_—

(@) Interaction effect between
concentration and storage duration

Figure 2. Storage stability for nitrate
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O|2320ETNIIE &80t R7|MF Fed2| ¢y 3+ 25

U A2 B3 AlRY 34ee2 Bt 94.6% (MY =
93.7~95.9%)& TiA oAt

AAito] 9] 31482 Fig 2a0] YERH AHx} o] A]
7 B3T3l & A2 olsh skaFol Qg g
o] mu|sit, Alm E37|7to] dojd 4 o)
F/AEE(=20 pg)9] 3l4=&o] FoloHA Fist= A
o7 BAEQHE(15, 230) = 10.12, p € 0.001). &
S9, 25 F/10EE Het 34E&2 97.8% (A9 =
95.1~99.4%)°1H, 165A2] Bt 3|4&2 90.9% (H
A = 89.9~92.0%)°F Yopxr} HH, HAiloleo
Fig 2b%} o] A= H37|7to] g2 7485 olsh
Al B o g4 Xjo|7t [2lokA] gkore
L, Alg B7|7to] Zojd 9105 o) A2 B3t
gt A= 30| tha TAshHs AR mpotbE gt
(F(5, 230) = 11.67, p < 0.001). dl& &9, A7|7K10
F~165) ARE YH BEET 49 &2 B

--#--Room --e--Cold
110

100 .'““zg:.:aslag -

90
Recovery

%) 80

70
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(b) Interaction effect between storage
temperature and duration
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Figure 3. Storage stability for sulfate
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Table 2. Proficiency analytical testing results for a small sample

16

Anion = Reference concentration Mean + SDT (CVT) Ratio pvalue
(Ref., ug/sample) (ug/sample) (Mean/Ref.)
8 5.0 7.16 + 3.47 (48.6) 1.43 0.123
8 10.0 11.30 + 2.69 (23.8) 1.13 0.215
Chloride 6 20.0 22.05 + 3.47 (15.7) 1.10 0.208
8 66.7 72.04 + 482 (6.7) 1.08 0.016
6 100.0 108.28 = 7.06 (6.5) 1.08 0.035
38 5.0 5.68 + 0.77 (13.6) 1.14 0.083
8 1.1 11.32 + 1.14 (10.1) 1.02 0.645
Nitrate 6 20.0 20.81 + 1.46 (7.0) 1.04 0.233
6 60.0 65.88 + 8.84 (13.4) 1.10 0.164
8 100.0 108.89 = 4.61 (4.2) 1.09 0.002
38 5.6 6.65 + 1.61 (24.2) 1.20 0.123
8 10.0 14.11 £ 4.02 (28.5) 1.41 0.035
Sulfate 38 20.0 2455 + 0.93 (3.8) 1.23 0.001
6 60.0 66.60 + 3.18 (4.8) 1.1 0.004
6 100.0 112.22 + 9.46 (8.4) 1.12 0.025

'n: Number of samples, TSD: standard deviation, TCV: coefficient of variation (%)

98.9% (MY = 96.4~101.0%)°|L}, AL BHite A=
9] 3|4E&2 Wt 92.4% (H9] = 89.1~94.7%)E this
oAt

Fato]l 22 Fig 3acl Uehd A3t o] Al Ei17]
2ol met foju|gh 3l& 2jol7t gl Ao EAEH
At & B9, AlZET 0FAH] IS Wt 99.3%
(HY = 96.5%~103.6%)°11, Al Z2HH 1653+9] 3
&L O9F FARH Hdt 100.2%(89 = 96.4%~
104.7%)2 UERgTh E3 Az HIbHo| o2 34
£-2 Fig 3bo} Zo] A& ®Ey7|7to] TA Qo] SAFSE

529 Aoz TGt og S, Amuit 057
Aeat 3 Bl ) 99.3%=

o B 358

YA, AlEET 1657219 Bt 3

T2 9

AFSHAl A2 98.0%, W 102.5%= YEFITY

1) AR 25T AlE

Azxd Ao s=ot o

o &

A4S A 98 Az

3 gL A=g o 1h9%
£ 439 7879 Ang 7

)
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Table 3. Proficiency analytical testing results for a large sample
Anion - Reference concentration Mean + SDT (CVT) Ratio o-value
(Ref., ug/sample) (ug/sample) (Mean/Ref.)
37 11.76 11.52 + 1.93 (16.8) 0.98 0.453
42 21.05 19.67 + 2.10 (10.78) 0.93 0.001
Chloride 31 29.20 29.01 + 2.44 (8.4) 0.99 0.669
36 37.56 36.95 + 4.64 (6.1) 0.98 0.445
38 58.82 58.564 + 4.93 (8.4) 1.00 0.728
42 15.79 15.01 £ 1.99 (13.3) 0.95 0.017
38 23.53 23.02 + 2.68 (11.6) 0.98 0.257
Nitrate 37 36.29 35.04 + 2.24 (6.4) 0.99 0.528
31 43.80 43.05 + 3.84 (8.9) 0.98 0.293
36 56.34 57.44 + 3.80 (6.6) 1.02 0.112
38 11.76 11.59 + 1.50 (12.9) 0.99 0.490
36 23.47 18.68 + 1.34 (7.2) 0.80 0.001
Sulfate 37 36.29 3493 + 413 (11.8) 0.99 0.599
42 4211 41.38 + 4.49 (10.9) 0.98 0.305
31 51.09 51.48 + 2.81 (5.5) 1.01 0.465

n: Number of samples, TSD: standard deviation, TCV: coefficient of variation (%)

FZofo] o|Zgk iy vl&S ASoIrh B4E 2
o|2 FAF du] dAol2 HHF 0.97(FH = 0.92~
1.02), XE*J | Bt 098(‘:”-.4 = 0.90~1.13), gHAlo]

1.24(89 = 1.01~1.54)% 2, o]0 s
] ]*r—: oEE 3% mRte = HriEQith I8y &
Abo|29] Ao g B4 ol FYFHET A
AR =7 Ueton HolAeL A og =9k
thell: 5.56 ug/samplel] WHOIAS: = 12.4%, 20.00
ug/sample®] WHOIAIS = 4.1%).
%%ﬂﬂﬂﬂ Bz Table 20 YeRd Ax} 2

orth. g4o0]Ll o]Z7ro] 1.08~1.434] &=Fog U}
Epton, 7—%_% (66 g, 100 )Xl EAHCE
oM ol2gET 2 AeZ YEepgth Aol

tigt BAgEe ol2gt il 1.02~1.14¥12 EHHge
o, HTEE100 welT EAHCR ol ol
etk 2 Ao wotulet. Fatoleo] that BAjzh

oI Y] L1141 e, ARG
L% AN B A CIEYRL 5 AR
Sporeloict. nhAEto R, Mol A4k Faol 7~49%,
QA|L 4o 14% AL 4~28% Z 02 Hrlzlel
ou, e Frold Avkow wolAsTt 2 A%
Bk
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2) Uil BM=EE Al

BEALEHEHIE 5t A|5Y 5E5E1 #2448
gRlstr] sk, Ald 2748 Al 107148& 7292
A7gste] sEE EAtIeH, 24E sEe Ax Al
et ol2gkoll vl 0.86~1.07H1 S5 Aoz yE
Wt ERE AR 2AE HolAleE BT 3.51% olst
2 331.0]—5]041-4.

AR5H7189] 2S5 529 B4K23.47 1wg)
< AskaL o]24k tiH] 0.93~1.024) Elo = HA4

AtHTable 3). AR BE 23.47 ygollA E43ko]
o]2%k ¥l 0.8% TAIKCE AAT At F¥FS K
ot 3, 5% HEO] A40l221.05 w7 AAto]
2(15.79 ug)oll A A%k tiH] li%kfﬂ H|&o] o5}
Aoz tepgor}, vl 247 0.93% 0.95
7 ojzdow o4 ulgql 10] e Acw Ho}
Atk
£ 7o) olst AHZHATRL F 127h(80E 35

A& 4719 AR FolA 970(75%) o132 Fhol 2t
PeESA AT olA Aot AdHACIEE £ G X
HFEHEA)O] AT A Agor wgd & %1‘:} =2
Aol it 4671 713 FollA 4470(95.6%) 712
Aoz WAEHIIOW, YA 270 7S FARt ”dr

A w2

X
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BT, BAR 72 oA 1] 718 FAtole
3t 24gko] Z1zakat @A kok2.4~2.7)
BAY BAEon], T 7] BEY V1T daol
£ 370, Aol e 274, BAlole 3749 go] RAT
(4R A2 66.7%7F BA) Ao wotEgich

2
4

W

A= AR AR HolAFE dutygoR 5%
oJ5tE 7|¥Oo = of1l JloH, RUIsRtE € &
gt A= AR HolASE 3% H|Tte R skl
At} @402, Aitol2 ghito] 0] HolAl¢E: F
o) Wt 1.5~2.2%, 2.8~4.2%, 2.7~3.6%% EAE
Atk FAo]22 HolAST) 3% mRte R Hrye]l]
AR AR o455 S5k AoE2 B4 g
H, FAtol23}t Aito] 9] HeAsE A o
HhA] HolAI4Ql 5% n|gte g EAE Qo {78kt
E 9 F&U1EEDY 7E BolAe] 3%ET= o
A w2 Z0F motEQlrh

1

x
i g

0|

1B
=2
S

=0 7
A dHFH0E AR A9 AA E4AY]
Zholl oF 1~371¥9] A)Zk 7HZo] dAstn g A3t
£ A59 AAg/go] uig- S 8ottt wEkA] AR 2
ALt EAA7] 7Ho] Zol7t 71 ARols AlRE AR
Hiehs AR Wi Bieks Zlo] dEc 2 o
To] Avlo] w2, AL AlgE 4375 2Iote] Hit
T A AR AR ohed B4 gEG AsiEe 4
Fo| Atk E3], 16577t A= BT B¢ g
Alg Az ohgd B4 ghofl vls) 2o 10%71A 2
4% £ Qe A= Yeigth I8y W B3 A
e 1650 B & BAE AR AR og 24
3t 7t SAKSE 3]48(98.1~102.5%) Hol= Ao =R
ot Qict.

2 ARE A AR 4F7R= 23 705, 2
T, 4F)0F ARE Ao, 45 o5 45
ABF, 127, 167902 Almo] A3yA
Aot AlE E49] 7HAo] Aoj(45) 02 ) LT
F 9= 5ol AP 4FE HHeE ASs] 9
g Aol (100 wg)oll el the B 30
A AR 2 FF FAH6F, 105, 14900 AlRE
EAt. skl Aol 6F, 105, 145 3
2280] 96%, 93%, 95%= UEhGom olel Qs

OE sew9 dilol2 8%, 127, 165 3J48°]

=
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ol
filo
',
N
SN
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97%, 96%, 94%= A=t wEbA Alm AA7|7E
o] 435 2T HY- 45 HH 0 R ARE BAsitiEt
T AZAR 2 358 Eo] AFo| flE Aoz
A=t

SEE BARNES g0 R AAE A B4
B7k= & 1570 2AGH Al=Ex37 Zol2)of dis H
oAl 10% ulgte] 770, 10% ©olAto] 8712 UEhte
o #olAS7t 48.56%% B7E| ek Folgt 7
o] 271 Aojx Irishd AEE TEI]e olE¢
FAgk et Wso] Wttty sidd 4= 9l
. o]#gt &3 E B} 7o ghYshs BAgre] W
S JudE7t Q3RS AlAbSHLL St} ESE it
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