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— Abstract—

Evaluation of Commercially Available Passive Samplers
and Development of New Passive Samplers
Part 1 : Evaluation of Commercially Available Passive Samplers

Nam Won Paik, Mi Jin Park and Chung Sik Yoon

School of Public Health, Seoul National University, Seoul, Korea

This study was performed to evaluate the performance of three passive samplers made in U.S.A.
Three passive samplers selected for this study included products made by 3M, Gilian, and SKC in
U.S.A. Three organic solvents, such as toluene, trichloroethylene, and n-hexane which are used fre-
quently in Korean industry were selected for the study. Conclusions obtained from this study are
summarized as follows.

—

. For toluene and trichloroethylene, the overall accuracy of the results from all of three products was
within 25 %, which is the criteria recommended by the U.S. National Institute for Occupational
Safety and Health (NIOSH). For n-hexane, the overall accuracy of the results from two products
except 3M was exceeding 25 %. Thus 3M product showed the best accuracy among three products.

2. When passive samplers collected organic vapors were exposed to clean air for two hours, there
were 12 - 16 % loss of organic vapors due to reverse diffusion in Gilian products. There was-no
significant loss in results from other two products.

3. Air velocity affected greatly on the performance of passive samplers which did not have perme-
ation membrane. At high velocity, 100 cm/sec, accuracies of results from Gilian and SKC were 57 -
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108 and 128 - 164 %, respectively. However, the results from 3M samplers, which contain perme-

ation membrane, indicated accuracy below 25 %.

4. When passive samplers collected organic vapors for eight hours, the accuracy was reduced. Thus,
it is recommended that passive samplers be used for less than four hours.

Key Words :Passive Sampler, Dynamic System, Overall Accuracy, Storage Stability, Reverse

Diffusion,
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onal Safety and Health Administration,
OSHA) @ mlF IZEAAIAEAATHE (Nati-
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I. A7l Y

1 MMz W Uy

A=A 52 AlEAFA7Y %3 ‘NIOSH ¥
BAEH 9] g vwstd AA FelA HwlE
I 3E A 54 AlEAFY ] Fg=E Ho}
st 752 AlEAFH7Y 4TS s 7]
AFxe] f718A1 43S 7179 55 NG
4 %1 chamber7} $leiok g}k, Chambers
Metazt sk EF wgEHA] golol st AR F
Z219] ti718 2AE 5 glojok do}. E=FF cham-
bere %4 AEAF7] & dHxe] TIFA (B
AR AE ‘NIOSH A 'Y S4ddy) S
A AXE = S =9 A7|E JHA ok g

7153 T ©]23 (reference value =¥ the-
oretical value) 2 YRS |43 "NIOSH
FTAAER O % g2 ol &AL | ¥l 3
el AEE TIT F FFUE AE3AL

1) cha =52 A|Z&F 7|
T3 NEAFHVIZEE SAFeRE de AM8Hn
de T 3FS AR sgen ] g A
2 Table 13} 2t}
(1) ®1= SKC2JA} A F "Passive Monitor’
(2) 1= Gilian3|AF AF "Trace Air, OVM-2
Badge’
@) P15 3M3]AF A|E 3500 Organic Vapor
Monitor’

£

2) AHCA F712A|

FEuet AGgeNA de] AH8sta Qle Ed=
A RS '3l EFAd (HPLC grade,
Fischer ScientificAl¥), #2713} &35a E
g Z2 =203 (TCE, A.C.S. grade, Tedia A
) 2 AWF #3522 n-H4ak (HPLC grade,
Aldrich A1F) & 3% A3k

3) & W (dynamic system)oll 2|3t 7|X|s
T A=

717 =S W= WS FAHA WY (static
system) % A WY F /X E EFE ¢ Ioh
AL 4B8F9] F7Y 7tAE By E g1 ¢l
£ 8710 B9 d3FEE vt=E WHos FHF
ol oJgk F7]9] &4lo] dojd ¢ ;. EJFFES
97k Al olgltks @3] stk TAEHL 7}
24 37l 2 3718 ALFHes FF E 5 e
WHoE HYL ol AHCA B oJF &4
FAIE 4= 9lth. WA chamberE A& 3t 24w

< o83 VIATEY AU]8AE AU
(NIOSH, 1979; Levine %5, 1986; ACGIH,
1989; Brown &, 1984).

® Chamber2| =}

ZHAZIE ML Bt st AT 5 e =
A chamberE Yaosol TE W AV Al
At (Yaot Krueger, 1993). AR A
H2 2"olm A7 30 X 20 X 20 awo|t}
Chambertl el 43¢ 7IFE 3T & U=SH
FT718 AXEAY. =F ¥y A 7S
AX 3t ZHIME chamber? 2%, §%, 7|&H
£ &33stn gHde M9 TF HTo AFE &
AEE st UFole zEdHx E5 AX5ko

Table 1. Characteristics of Passive Samplers by Manufacturer

Manufacturer =~ Mechanism Type of Amount of Number of
Sorbent Sorbent (mg) Layer
3M permeation wafer 350 single
300 single
Gilian diffusion strip 600 double
170 single
SKC diffusion granular 340 double
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AT RE 2L Ad EIVES AXNE F A
A gt $3712 A3 2=t Asdte R
2871 98l $3717F AX =] 3= chamber ¢
Hol] BZA M-S AX) kT

@ 7184 B7|9 LM A 7IXsE M=

Permeater (PD-1B,7}2¥], Japan)< #it &
Hoj syringe pump (Orion, Sage Pump Model
M365) & ol&3ted EFQ, EERR2JEd ¥
n-giHe go] e Txo] 57|E T I
72 (N2 v g5V & 3 d3tke 71A
5 HEA] o 4 (DolA B uiet Zo] 7]
dA LA 3719 T 719 FEEe| v
#l3taL 34 7kawgel] yha| it

C : 3719 3= (ppm)

Dr: 34t £= (mg/min)

F : 3X4712% (m/min)

K : 7t2aZ%e 2R 02 Adsly] 9% AF

714418 LAYAF)= permeater®} chamber
Atoldl £F71E Fo 71ATZs ddstA £
== 3ot F=7F 4FA fAHEAE B
Aty EFFX A k= A-DA (gas tight
syringe 81530, Hamilton Co, USA)Z 7|A &
Fot 7t= FA=rtEIYIE o] 83l ASHo=
TEE ST It e A8 E &
%3l o] 83t AFe] AF AL JFAE o83t
Atk f718AE THAA TTIt FES B
F A 2 AF JNFFHA
(Climomaster Model 6511, Kanomax, Japan)
£ o] &3l chambertl®] 71%, &%, §%& &
AelAch TRAAE AU geoA 53] AF
A & I 1AL R I

4) B7|1F 77I18H s S

uZ 'NIOSH F3A8H ol wt EFA3% n-
#a& Method No. 1500 ©]& 3t SH3A
3, EF2 2 Ed-E Method No. 1022 <3l
Z233Ath. f718AS 2717 dE S
Hol A% S 5 ml FE|Hel o} o|Hstea

(CS,, HPLC grade Sigma-Aldrich, USA) 2 ml
£ ¥ 3083 £S5 FHEA EFeidh 3M 23
7lelE olg3lea 1.5 ml, SKC ER7|de o33}
B4 2 mE 93 7HE ZA28A E50] FHEA 1A
st 33l Gilian ¥H71e F2UE 5 mifr
2] &713 o|¥BEAE 1.5 mE ¥ uE 7HE
7PEA £ FAA 1AL B3 2EST

4& 7tx Z2rtEOY s (Gas Chromato-
graphy, Model HP 5890A, Hewlett Packard
Al, USA) el Al89-& v FFA] (Microsyringe,
ITD Corporation) 2 3t peake WAL T
g F, BFEY FSlo o3 WA vt FEE
2z v Adrit 107 FEFEY] E5YS
gHEo] A3t HFMS T FUhol %
232 Hazpely] Yste] WAS UF EFEF
(internal standard) 2 AF&3t931, AdolA 73
2EAELE T2 BAIYCH

2. 48UE

1) MEzel Mz

EF4, EEZE2dEd 2 n-ike] F=F 3
7}A % (Threshold Limit Values, °]3}t
TLVse 0.58], 18] 2 2u)) o2 wtEo] 2t =Fu}
o Z4Zkel 52 ABAFAVIZE Y A2E AH
i th aEla olw BRI E FAl AlEE
FRsI FA4 3T

2 =Y sl5g
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3 0.5 TLV, 1 TLV, 2 TLVZ EA|) A 1|3t
¢ =22 A4 e EFER (EFA, E
222493 9 n-FW) 9 &2 3 FF 754
AzAF7] e FAA FFES T

3) &M (Reverse Diffusion)

FE4 ABAFHIE ol 87 AV1EAY T
Fatol] <7 Aolm2 4 gl TH E F
F718A7F TR G F70 =E2HAS o X
A7l FFHHAD E2o] "ol Urte FEibo|
oA S Lolr gyt 2 TLV FEolA 243t
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4) 8AIZH ZF

T35 AlEAFH7Y HY ZRAAE g 22
Qd AS EZAZE FFAE F e x3lEe] 389 2
g TIE F J=F FH32 3t} Cassinelli &
(19879 AdelMe Hul FH THAACZ 84
g T3k glth B AddMe AL, A 2
HEE 20 om/sec ©]/de =AM F% 0.5 TLV
FEo F71E BAERT 3T 554 AlEAFY
£ o] &3t 8AIZF EF EAslTh

5) 715
H &2 A 7% (10 en/sed) 9 2 718 (100
cm/sec) E UFo] A2ellA] sk

6) F%

F2olA 1F (80 %)H* AF (10 %) o2 Y+F
o] 7184 T AT nFdPelMe &
%37 FEZAAAE o839 1FS AL

o A e 22Ny & ol &3ttt

7) A= £43 84

IR = FEoA BE=e FLEE Hyte
H, "5 NIOSHOIA AAIR whe] w) ‘24
8=’ (Overall Accuracy)”?t £25 % °Jud] =
€718 A} 399 (Brown &, 1984). FAUEE
H7¥sl7] $18ke] ¥WAo A% (coefficient of varia-
tion) E& H|ZEFHA (relative standard
deviation) & AXFsIATE = ALt lolMe
NIOSHZEAAIER oste F3E @S Fge=
5=

I. 2= 3 0%

1. T84 MZAFHY|e F&Ex

gdeEHos 3 e VIEReE 3l &
T AEAHZ 3RS @9 'TZH FE=
(overall accuracy) & 2] (2)E o]&3tq A4tsl
o (Lautenberger 5, 1980 ; Brown %, 1984).

BAeE(%) =+ (bl +2 CV) x 100 ..... @
714 |b| B biase] Arix]

,zNi(Z_Xi)/Xil

|bj = N,

N; @ s=0A HaA % EH719 AF

X : B3 EZ7)0A HEA FAx 7)o PF
e

Xi: @HeHd o3 238 NE2H%

CV: ®olAlse 37

. TW-DOV)
VeV T -

CVi : S=olAq 9] WolA% Vi = %

Si: BEdAe] EE2UR

FHAFRY F54 AZAAYE o83l F3
g o] TBA FIYg=E T Ay Table 2 -
Table 4°] Yeht gl o] 2FHE 8951 Table
5% Fig. 13 2o}, EAHEA (analysis of vari-
ance test) S B3l EZFH H¥EJ} sampler
T G f718A st FFE LR o
2 Yt F8=E AFHEE /o7 xlolvt
AN 3M3JAL A Fol 7 $3t 37FA] £
didte] 25 NIOSHeIA AAsHe 71€Q1 25 %°)
W2A Aeidch ooz FFgEst 953 A=
< Gilian 3} Al Foldor £ EFzs
A s e HAsA o n-Hite] diside
BYE=I} 46 %EA FAFSIAC 37K E-) )
A ArH oz FEEr} ol AFL SKC3
AL A FolUt), =3 XZA PP S EAYE Eq)
F718Ae] FRel wWet fef@k Aolvt o EF
A7 EZR=2qEdld disire 25 AN
U n-gjate] tisiN e BE=rF DojRh

2. 2MEE

Table 694 E& wiel o] A34¢ge 84
g#3e] 99-100 %<1E ®lE 3M E71e 99-
102 %, Gilian ¥£57]1< 96-108 % 2 SKC EJ
71 97-104 %A %4 AsAFH719 ¢
< FHFE olBsteERT} nF EAG EES
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Table 2. Accuracy of Passive Samplers in Toluene Determination

Concentration Item Data by Sampling Method
Level Calculated
NIOSH 3M Gilian SKC

1/2 TLV Mean, ppm 29.7 30.6 31.2 314
SD, ppm 0.66 0.50 0.82 0.85
RSD 0.02 0.02 0.03 0.03
Bias* 0.03 0.05 0.06
Accuracy**, % 7.0 11.0 12.0

1 TLV Mean, ppm 33.0 34.0 37.1 36.7
SD, ppm 0.36 1.15 1.63 1.11
RSD 0.01 0.03 0.04 0.03
Bias 0.03 0.12 0.11
Accuracy, % 9.0 20.0 17.0

2TLV Mean, ppm 80.9 89.6 81.6 80.7
SD, ppm 2.47 2.03 2.88 11.82
RSD 0.03 0.02 0.04 0.15
Bias 0.11 0.01 0.00
Accuracy, % 15.0 9.0 30.0
Overall RSD 0.02 0.02 0.04 0.09
Bias 0.06 0.06 0.06
Accuracy, % 10.0 14.0 24.0

|(Value Measured by Specific Method) - Al
A

* Bias =

where A = Value measured by NIOSH method
** Accuracy = {Bias + 2(RSD)} X 100

Aol ul3] o|Hslgie] FERT L FolA BEE
£°] 100 %= 9 % Utk (SKC, 1994).

B]= NIOSHeIA AAIZE 7152 0.5 TLV o4
9] FoFFoA g3 75 % |4l t (Cassinelli
3, 1987). BAM3FEe ZAEe] & f718A 9
%, eFdgde < g fAEY FTEF, 2%,
9FE] 38t whs 2 TV T L wE &
24 4 Aot (Lautenberger 5, 1980).

3. & (Reverse Diffusion)

gaitke (1) F39 71847 B8 T o
E £59 223 FARYoAN ARy 2) 2 T
To] f718Ad E2 @ F AV 5w w7
2 554 E2de A4¢ 2 Q) FV8A F2oF

2MA AR o T8 A T2 F UG
(Cassinelli &, 1987).

Table 73 Fig. 2914 EE uiel Zo] 2412 &
St 2 TLV %o Z2 A7l & A 2413 5
2QHA Fe F7l ZEAIFSH 24 FTU* 2
TLV sZo3t Z2A)7]x vtz B4% #3 AF
o wie} B2 Aolzt AR IMAIFAME &40
AJI SKCAME 1 - 3 %9 HL £40] N2
U GilianAZAE 12 - 16 %2 &4 134,

4, 71%oll 2t ¥

7150l e 54 A E8AF719] /d5L Table 8-
9 % Fig. 3% 2o AYPR 37] S=v JAEF
719 EFELC 9IS € 7 Ik A FY A
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Table 3. Accuracy of Passive Samplers in Trichloroethylene Determination

Concentration Item Data by Sampling Method
Level Calculated
NIOSH 3M Gilian SKC

172 TLV Mean, ppm 27.6 27.8 279 279
SD,ppm 0.51 1.10 0.87 0.75
RSD 0.02 0.04 0.03 0.03
Bias* 0.01 0.01 0.01
Accuracy**, % 9.0 7.0 7.0

1 TLV Mean, ppm 473 48.2 51.8 51.8
SD, ppm 0.50 1.61 2.20 2.03
RSD 0.01 0.03 0.04 0.04
Bias 0.02 0.10 0.10
Accuracy, % 8.0 18.0 18.0

2 TLV Mean, ppm 91.7 99.2 92.0 90.3
SD, ppm 2.88 2:59 325 12°2
RSD 0.03 0.03 0.04 0.14
Bias 0.08 0.00 0.02
Accuracy, % 14.0 8.0 30.0
Overall RSD 0.02 0.03 0.04 0.09
Bias 0.04 0.04 0.04
Accuracy, % 10.0 12.0 22.0

I(Value Measured by Specific Method) - Al
A

* Bias =

where A = Value measured by NIOSH method
** Accuracy = {Bias + 2(RSD)} x 100

Ae 3719 38 FHAT FFole 3717 4
A2 ZF it do|E WA T 4FE E F
ok AAF7| o] 71F7 A Ase it B2
o] dol7} F7ksta 1 7179 A%e B A= 4
o7} FolAle EHE 4T F Utk

3 71% (100 em/sec)ollA] EHT #F A 717
(10 em/sec) oA EHT FkAtolole B =l 3loiA
o3k 2jol7} QYT I 71BE ZHA FY¥=S
A AP T3 AFDNE Folg Aelzt
o] 3M AFel 7HF T BT EAth 1 7]
FoAE 3M AFele AEoz NIOSHS 7]
Z9 25 %S sl RAFHAT. IMEA7E
T F7HE BolA] Qsked oA Fat ddo] F
2 (tube, pore or channel) 2 Hojle GilianA|

E3 SKCAEFE 28 M AFES T34 (per-
meable membrane) ©2 Eoj3l7] w&e|tl, F}
goz =Holde Ve FAUe upg Fr)ete
TE AA o7 oA dAH R Fipd 2
oA 3719 &=t @3} Ho] FA73Re] Aol o
T FAY7] W2 Ao AYZdr,

A 71FdMe E7] $o2 S0 3717 A
Hol 4 dolyt ARdE A L AH, F i
Frbe FFEHA F3ith n-Pake A JFoME
BYgzrt AAsHon, ole %2 AEAFH79
EHSHAA ] 7107 A2 AZEt,

5. §x° & I

T S5 FARION S718A% s8] 27

= 115 =



Table 4. Accuracy of Passive Samplers in n-Hexane Determination

Concentration Item Data by Sampling Method
Level Calculated
NIOSH M Gilian SKC

1/2 TLV Mean, ppm 36.9 36.8 48.7 41.1
SD,ppm 0.88 3.07 2.78 0.84
RSD 0.02 0.08 0.06 0.02
Bias* 0.00 0.32 0.11
Accuracy**, % 16.0 44.0 15.0

1 TLV Mean, ppm 429 44.5 61.5 50.5
SD, ppm 0.55 1.31 2.70 2.43
RSD 0.01 0.03 0.04 0.05
Bias 0.04 043 0.18
Accuracy, % 10.0 51.0 28.0

2 TLV Mean, ppm 924 102.2 1227 100.1
SD, ppm 297 3.55 4.85 11.85
RSD 0.03 0.03 0.04 0.12
Bias 0.11 0.33 0.08
Accuracy, % 17.0 41.0 32.0
Overall RSD 0.02 0.05 0.05 0.08
Bias 0.05 0.36 0.12
Accuracy, % 15.0 46.0 28.0

I(Value Measured by Specific Method) - Al
A

* Bias =

where A = Value measured by NIOSH method

** Accuracy = {Bias + 2(RSD)} X 100

< doA {718Ae FFAYLS doj=d8 F ok
1% (80%) =AM 1AEX SFT FHA
&%= Table 1037} Fig. 404 B uie} Zth
3MAIES] A=t "ol om ANOVA testE
AN vt A Fold B E Aole E F AN
=3

6. BAIZH AlRZH

ANBER 3o HA TAAZRE dd EFQ
7% 23} Fekol 3R 20 G Aoz &
A el Cassinellis2 Hol ISR 84
e FH3sta oH(Cassinelli 5, 1987).

B Ao E2q, EFFE20dd & n-3
Aol EREAC] 47 1/2 TLV FELE2 EAT
o ST 3% 524 ABAFHIE o8t

8AIZE Bt AEE TN APZEIAE Table
113} Figure 59 2t ANOVA testZ¥ A|E3
F718Ae] FHol WE Aol FASHA LT
IMAIZe] ABEE 29-48 %, GilianAES HE
¥ 1647 %, 2 SKCAZE9 HET+= 24-66 %
Sk ek 8AIZMERE ARE AFstetle B2
227F S & YA durE o g 4A|tm| T
o] A8 A= 2ol FHdE e wEnh

7. Mg

33Rel $54 ARAANE o8 AT A
22 A& (271.2+1.6 ©)F ¥F2= (3.8+0.7
vl 2%, 3% U 475 RAUA BHG 23}
£ =3 9ol BN @t vmstel JiNeee
FaUT 3M EA71e] A% HeH Aeold £

=1116 —



Table 5. Accuracy of Passive Samplers by Material, Concentration and Manufacturer

Materi Concentration Accuracy
Level
M Gilian SKC
Toluene 1/2 TLV 9.0 11.0 12.0
1 TLV 9.0 20.0 17.0
2 TLV 15.0 9.0 30.0
Overall 10.0 14.0 24.0
Trichloroethylene 1/2 TLV 9.0 7.0 7.0
1 TLV 8.0 18.0 18.0
2-TLV 14.0 8.0 30.0
Overall 10.0 12.0 22.0
n-Hexane 1/2 TLV 16.0 44.0 15.0
1 TLV 10.0 51.0 28.0
2-TLV 17.0 41.0 32.0
Overall 15.0 46.0 28.0

Note 1: Sampling time = 60 minutes

Note 2: ANOVA tests indicated that
(1) there was a significant difference among data by materials tested (p<0.01),
(2) there was a significant difference among data by manufacturers of samplers (p<0.01), and
(3) there was no significant difference by concentration.
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Fig. 1. Overall accuracy of passive samplers by material and manufacturer.
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Table 6. Desorption Efficiency of Passive Samplers by Material and Manufacturer

Material Desorption Efficiency*, %
NIOSH 3M Gilian SKC
Toluene Mean 98.5 101.7 107.5 97.5
SD 041 2.95 4.12 1312
Trichloroethylene Mean 100.1 98.9 102.8 96.6
SD 0.58 2.70 2.96 1.90
n-Hexane Mean 100.5 1012 96.3 104.4
SD 0.46 2.58 4.18 3.37
) ) (Value Measured, mg)
* Desorption Efficiency (%) = - X 100
(Amount Spiked, mg)
Table 7. Reverse Diffusion in Passive Samplers by Material and Manufacturer
Passive Material Concentration, pp Percent Loss
Sampler Without With (A-B)AX 100
Exposure* Exposure**
(A) (B)
3M Toluene 48.3 51.8 No Loss
Trichloroethylene 55.6 57.9 No Loss
n-Hexane 64.7 66.4 No Loss
Gilian Toluene 56.2 49.7 11.6
Trichloroethylene 58.4 50.7 13.2
n-Hexane 76.5 64.4 15.8
SKC Toluene 50.0 49.1 1.8
Trichloroethylene 54.3 53.0 1.3
n-Hexane 57.4 559 2.6

* Without Exposure (A):

** With Exposure (B): Organic vapors were collected for two hours. After that, the samples were exposed to clean

air for two hours and analyzed.
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Table 8. Effect of Air Velocity on Accuracy of Passive Samplers by Material

Air Item Accuracy
Velocity Material Calculated NIOSH 3M Gilian SKC
High Toluene Mean, ppm 46.5 49.6 70.4 75.3
SD,ppm 0.66 0.56 3.94 29.09
RSD 0.01 0.01 0.06 0.39
Bias* 0.07 0.51 0.62
Accuracy**, % 9.0 63.0 140.0
Trichloroethylene Mean 55.5 55¢7 81.4 86.8
SD 0.53 2.90 4.02 31.47
RSD 0.01 0.05 0.05 0.36
Bias 0.00 0.47 0.56
Accuracy, % 10.0 57.0 128.0
n-Hexane Mean 56.3 64.3 111.5 110.1
SD 0.84 3.30 5.24 37.08
RSD 0.01 0.05 0.05 0.34
Bias 0.14 0.98 0.96
Accuracy, % 24.0 108.0 164.0
Low Toluene Mean, ppm 46.3 50.6 52.7 52.0
SD 0.87 2.11 213 2,11
RSD 0.02 0.04 0.04 0.04
Bias 0.09 0.14 0.12
Accuracy, % 17.0 22.0 20.0
Trichloroethylene Mean 51.3 55.1 56.3 56.2
SD 0.34 2.89 2.46 2.59
RSD 0.01 0.05 0.04 0.05
Bias 0.07 0.10 0.10
Accuracy, % 17.0 18.0 20.0
n-Hexane Mean 53.7 56.5 77.8 69.9
SD 0.62 725 3.16 5.28
RSD 0.01 0.13 0.04 0.08
Bias 0.05 0.45 0.30
Accuracy, % 31.0 53.0 46.0
’ |(Value Measured by Specific Method) - Al
* Bias =

A

where A = Value measured by NIOSH method
** Accuracy = {Bias + 2(RSD)} X 100
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Fig. 2. Percent loss due to reverse diffusion by material and manufacturer.

Table 9. Summarized Accuracy of Passive Samplers by Air Velocity, Material, and Manufacturer

Air Accuracy*, %

Velocity Material 3M Gilian SKC

High Toluene 9.0 63.0 140.0
Trichloroethylene 10.0 57.0 128.0
n-Hexane 24.0 108.0 164.0

Low Toluene 17.0 22.0 20.0
Trichloroethylene 17.0 18.0 20.0
n-Hexane 31.0 53.0 46.0

* Accuracy = {Bias + 2(RSD)} x 100
Note: ANOVA tests indicated that

(1) there was a significant difference between data by velocity (p<0.01).
(2) there was also a significant difference among data by manufacturer.
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Fig. 3. Effect of air velocity on accuracy by material and manufacturer.
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Table 10. Accuracy of Passive Samplers by Material at High Air Humidity

Item Accuracy by Method
Material Calculated NIOSH 3M Gilian SKC
Toluene Mean, ppm 41.5 41.6 45.8 39.7
SD 0.71 5.45 2.56 3.97
RSD 0.02 0.13 0.06 0.10
Bias* 0.00 0.10 0.04
Accuracy**, % 26.0 22.0 24.0
Trichloroethylene ~ Mean 41.6 39.6 41.7 40.4
SD 0.75 5.88 2.72 3.40
RSD 0.02 0.15 0.07 0.08
Bias 0.05 0.00 0.03
Accuracy, % 35.0 14.0 19.0
n-Hexane Mean 374 40.7 49.8 39.9
SD 0.76 5.89 3.36 3.43
RSD 0.02 0.14 0.07 0.09
Bias 0.09 0.33 0.07
Accuracy, % 37.0 47.0 25.0

[(Value Measured by Specific Method) - Al
A

* Bias =

where A = Value measured by NIOSH method
** Accuracy = {Bias + 2(RSD)} X 100
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Fig. 4. Accuracy of passive samplers by material at high air humidity.
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Table 11. Accuracy of Passive Samplers by Material during 8-Hour Sampling

Item Accuracy by Method
Material Calculated NIOSH 3M Gilian SKC
Toluene Mean 28.3 37.0 319 413
SD 1.46 1.35 1:33 4.27
RSD 0.05 0.04 0.04 0.10
Bias* 0.31 0.13 0.46
Accuracy**, % 39.0 21.0 66.0
Trichloroethylene ~ Mean 27.0 31.5 28.1 349
SD 1.35 1.81 1.69 2.44
RSD 0.05 0.06 0.06 0.07
Bias 0.17 0.04 0.29
Accuracy, % 29.0 16.0 43.0
n-Hexane Mean 22.8 29.2 313 26.4
SD 0.92 3.02 1.66 1.10
RSD 0.04 0.10 0.05 0.04
Bias 0.28 0.37 0.16
Accuracy, % 48.0 47.0 24.0
* Bias = |(Value Measured by Specific Method) - Al
A
where A = Value measured by NIOSH method
** Accuracy = {Bias +2 CV} X 100
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Fig. 5.

Accuracy of passive
samplers during 8-
hours sampling.
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