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ABSTRACT

Measurements of the dilution of air contaminants bct~vcw \vorlwr
breathing zone and arc;l :Iir s;lnl~lers were mild~ by rl~lcnsing a tcs( :11’rusol
in a workroom cquippcrl ~~ith an acrusol survcillilllcl~ s)sI(I]ll. ‘1 ,1>(1(I;lta
were used to eyaluaic performance’. illld sugk”cst illll)rov(’111{’ills i:, dl’sign of
the ~vorkroom’s ularmill~ :Iir moni[ur systcm. 1[ i~as t’o(IIld (hot o brl’nthillg
zone conccntrution of !)01)times lhc mn.<imun”} I)crnlissil)li’ Conc(’lltr:ltion in
air (hIPC~) for u half-hour \vas requi-””d to Iri Kgcr il!:lrnls of 111(’(’! is(ing

monitoring system under some rclc;lsc conditions. ;\l(c~rn;llivc :Iir ]noni[or

pl~ccmcnt, suggested t’rom dilution mrusurcmen[s, \vould r(’(lucr this
average tri~gering conccl; triltion 10 :).1I 3iPC.. I)cpi(lyn)cnt o[:l(ltli[lon:ll air

monitors could furlhcr rcducc the iiver:lge ?.riggcring cullc(’lltr:ltiol) to 2 I I
MPC.. The relation I)ctfvcrn numhcr of monitors and triggering colll’cn[ra-
tion was studied. No signitlcunt dccrc.lsc in uvcragc triggering collccnlra -
tion was nolcd for arrays containing grcuter tllilll tivc moni(ors.

i

●Work supportrd h-v the Dicision ofOperation; and Enuironmf’ntnl .%frtj and p(’rformrd at th~’
Los Alamos Scientific Lrrboruttin vpcrated under the auspictw u/’ [}ICLJt’purt/ncnt of Enc’rg>,

Contmct N’(J. W-7-/05- .E.YG-J61
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IN’:’I{oI)UCTIOX

Potential cont:lrnin:l~if]n of the work environment must hc rtnticipatcrl in facilities dealing with
significant qu:]n[ili[.- III’ toxic matcri:lls. Sporuriic rclcitses to w~,rk cnvirrmmcnt may occur

witho’.:f dul(,(’li~)n hy v.(irkcrs. I{oulinc air saml)]ing is an rs-erltin] +ufcmard in such l“:lci]itius,
alcflin~ .’~(lrk(,r.+01 1111.-;:: I iiir conccntraliorw. prnvidinx dctcctilm (~1!(J”.vIf,vcl rclwt~m, rn(milr)ring
Corltrtilllllr’11[ :lnd f!(’!(r:llillirlu I)()!c’nti:l] inhil]OLlon Cxposurcs.

A mfijr)r cnnsi(Jcr:ll ;(J:l in (]vsi:n iin(i ol)cr:lti(m (JIan air sarn~)linu syslcm fl]]filling th(iw rcspfm -
sibilitic:. i- th(! rcl:llio:: i)(,LL’.’b(!n sfimpit’d tilr concenlratilm ancl air coll(’cnlr:lLi(ln in I hL’ w’llrkcr”s

breathing Z(IIIU. Kn(r.;lcdge 01” [his rekltion is nccc=sary Irm mt’:lningrll intcr~)rclnLi(m (J[ air
samlding d;i[;].

This rc]:lti(ul ir:ls i!i~”(+ticn[d IJY releasing a tcsC iterosnl from $l:\’eral p)tcrltial r(’luaw ](Jcit-
tions in n ‘.vorhr(xJln l,(; !.li])]lt’d Jvilh dn aerosol” sur\”cill;iIl(.c +>.-[rrn. I)ilution Elcnsllrcm(:n!.<
bctwccn w’(mkvrt)rud!]:!n: zOII( iil)d siinl:)icr llJ(”LJ~lfJ21 w’crt’ m;lde. ‘]”hLwdatt~ inclica[crl i:n~)ort:lnt
pnrametcrs in intcrprti[:lli(ln 01 air Silnlpling diiLu and su};~csled inl[)rovenlcnts in riwign IJf an ilir

monitoring systcm,

Plto(xl)t’ltli
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Aerosol was generated during the first 15 min of a test. Collection of air samples was initiated
when EKWJWJ] gcncra; ion s[:lr:wi and c(mlinucci for 1,5rnilj atter ;:~’nt.r:l[i[ln w’a>>[~JI)I)Ml.,\n(Jlh(lr
test was started ntlcrthc rfmm w:l. allmvrd tocleor Ior 15 min. and clLI;Insiln]I~lill~ tiltl,rs~vcre
placed on rL1lsamplers. S[utlies. show thn: :;L)mill after acr[w(~l gcncriltioll tlil!+>[llI)IIL’fl. room” air

Concentration:j were 3 (Jrc!crs I)( m~uniluclc hnvcr than the ilV(’FilUC :J()-min lest conccn[r;lti(]ns. Six
releases were made frr]n] c:lch of the Y) Im[cnlinl rclc:lsc lll~il[l[]tl~ ~l](nvn in Fi~. ?.

Air sample filters from these tests were pimd in }Iwtlcs c~]ntilinin:: nn >}+,01 I s[)ll][i~)n. ‘I%CW
aolulions were annlyzed using a Turner Iluormnrtcr. Iliill!li W)! III :IIrIS Ior [Ilcw Mtiilsl]rrnlrn[s
were made by placing clean sampling li][ers into the S}l, ()]1 Sl)]Uti[JIl,

RESULTS

TC=(A/V)x Bfi (1)

where,
TC = half-hour Lrcutlling zone concentration required to triggrr :ili]rl~~.
A = activity required to trig~:cr i~iilrm.

,V = volume of air san)plcd hy Illonilur in u half III,G:.

B1’1 = breothing z{)~l, clilu[ion Iar(or uvcrogud over six rcl~oscs
TC associi~Led wi[h mtlnit~]r ~rrilys rontuining more tlli~[l unc m~~llit~lrtvtm’ rlulrrmincd using

the lowest inclividu:ll T(= awwiu[~~d Ivith the monitors nl:diillg UI) [Ilt” ilrr:l}. “1.;ll)lu l\. :um-
murir.es these calculiltcd viIlues nmi Appundix A drtnils i~ll indivi(lil:l! “1’(” vnluw.

TC average and riillgc o~rr the 20 rvlcuse locations ~vt-vr u*!I(I ils intticc[(m in uvaluatin:
rnonituring syst?m pcrlormnncu und su~g~’stillg illt Crnilli VC nl(mil(>r pl.i(l’nlvllt. ;\~’1’r,,gc ‘r~’ l(~r
the existing monitor nrr:lngernent wus 9(;u times the \llIC. ” wi[)l ‘!”(..ranging Ir(lln 112 tu 21!)9

——— —

●Maximum permissible air conccntrution for ‘soluble - “’l%, (occupot ional cxposurrl 74 m hqlm’.
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Fig. 1. Scaled diagram of wnrkr{)nm showing position of ventilati{m system components and
aerosol sampiing sy=!cm components. Asterisks indicate location of CAMS (CAXIS).

Fig.2. Numl]crcd rcicnse lncati()ns used intestacr(Jsol release studies. Rclrasc locations are in-
dicnted with a,turi~ks.

Fig.3. SanlI)lilr rlc~i:natinnsuscd intcst aerosol release studies. Asterisks in(licate locatit)nof
CAhls (CAXIS) uwi in thestucly.

Fig. 4. Plot of minimum triggering concentration vs numhcr of rnrmitors.
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TAllLE I

AVERAGE DREATI1lNG ZONE DILUT1ON FACTORS (~)

Rclrnse Locd[iolls

Samplers

A

n
c
D
E
F
G

Iuuc
SEc
ISEX
SEX

Sampler

A
B
c
b
E
F
G
}{

NEc
SEC
NEX
SEX

—.

1 N 9 10

2.6 i 0.3 7.3 * 3,6 26 ● 11
15 * 3.3 94* 1.3 15 + 4.0 I

6.7 * o.3m
60 +0,7
8.0 + 0.3
7.4 + 4
G.(i* (?.2
6,0 ● 0.5
4.9 *0,1
2.6 * 09

II *0.5
11 ● 2.1
98 ● 0.7

11 ● IO

M+ *45 24 k 5.7
17 *r)G 11 +23 IFI *2.9

7.4 + 13
6,4 +1,1
5.9 * 0.8
2.9 + 1.3

13 * 5.0
12 * 3.7
10 ● 1.7
13 + 5.6

19 * 12

34 * 11
6.0 + 0,7
5.7+ 1.1

11 *2.3
1! +4.0
8.6 * 2.4

15 15,4

12 +2,:1
15 + :1.8
15+63
w + 8.7
III k 2,6
1(J +3,0

06 + 33
25 + !3.4

22+06
34 ● :11)
7: + :6

11!) +54
32 * 1(J

:),!3* 8.7
‘tJ * 13
(yj + 36

:1:. i 8.7
40+92
:11;* 1:1
41 * 26
43 *II
xi * &Lo
3ti + 36
60 + 20

41 4. :),9

49 + 2.8
50 * 6.6
!Ki *II
54, ● 7.4

5.4 * 4.1
61 * 34
Iw * 19

38 *7,0
4:) & ‘2,7
44 * 2.2
79 * 34
53 *4.1
G4 ● 40
64 + 40
6’3 + 22

41 +8.6
48 * 10
45 * 12

lW &23
48 + 15
57 * 15
57 * 15
61 *8.3

12 13 I1.—— — _11 15 17

63 +15
1 & ().2

25 + 4.6
24 + 3,3
59 ● Ii
6!3 +13
73 i 13

124 ● 37
9,6 k 1.4

65 k i9
11 ● 3.6

143 * 146

19 20

68 + 39
33 * 8,2
31 ● 13
13 ● 2.0
63 ● X3
83 k 32

11s *45
224 * 83

M + 27
84 i4\
45 L 4!3

2CHI & 252

15s *G4

78 + 31
38 k 5.2

1.6 * ?.0
150 + 25
191 ● 36
210 ● 51
469 * 114

41 ● 34
217 * 43
GG ● 73

208 k 46

148 + 60
55 * 18

10.I + 142
6,3 + 19

215 + 18
2:1G * 25
25(; ● ,45
54(; * 125

81 * G1
26t\ * w
47 k 30

356 ● I’m

46 + 21
31 ● 10
41 *4,7
13 + 2,0
61; ● 12
83 +4i
79 + 16

165 + :14
84 * 29
‘JO * 23
21 + 6.9

162 + 166

8.G ● 2.5
8.4 + 1.4
8.9 + 0.7
0.0 + 1.3

15 ● 2.7
16 +10
12 ● 2.1
6.7 ● 1.9

14 *2.1
64 i 76
13 + 4.6
17 ● 1.8

19 * 10
1.3 + 3.2

6,4 k 0,6

6.2 ● 0.4
12 ● 1.7
13 +12
12 *1.4
10 ● 0.7
11 *1.1
la + 2,2
8.6 * 3.7

12 ● 1.3

69*2O
50+21

1 *7.1
22 ● 10
23 + 0.7 “ ---
26 * 7.0
4G + 18
51 *33
8.5 + 1.9

20 i 7.2
23*12
la * i2

•$)tmd~d deviation estimate over nix re]eMe&

“1
m,.
7
N
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TABLE II

AVERACE rVJD RAJCE OF AtrE%KIE BREI~TllI?:C ZO?IE. -.
DILLITIO:J FACTORS (ED) OVER ALL RELEASE LOCATIO:; S

Sampler

A

B
c
I-I
E
F
G
H

NEC
SEC
NEX

SEX

Breathin~@nc Dilution Factor.—

Average Range

2.6 - 168
1.0 - 132
5.1 - 104

1.6 - 54
6.6 - 215
6.0 - 338
4.9 - 466
2.6 - 1079
8.5 - 87
3.9 - 268
8.5 - 66

11 - 365
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TABLE III

DILUTION FACTORS BETL7ZE?JBREAT}IINC ZONE
AND CZNEIML AREA SAMPLERS

Breathing Zone Dil~ltion Factor

Average Range

0.9

5

10

250

40

60

0.1 - 9870

0.1 - 300

1.5 - 50

3 - 301

1- 1079

Source

Breslinl

Brunski112

Caldwc113

Gonzales4

Listcr5

Schulte6

Sherwood7

Langmcad8

Scripsick
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TABLE lV
.

TRIGCERI?iC CO!:CEXTR4TION FOR
VARIOUS NO::ITOR ARRAYS

Triggering Concentrations-?PC aa

No. of Monitor -
Monitors Locations Average.— _-&!l.ELc

1 D 442 t 326 46
1

- 1551
NEC lo7f-1t 770 244 - 2499

1 SEC 1840 t 1980 112 - 7699

—— .———

2 NEC-SEC 960 f 810 112 - 2499
2 D-NEC 354 t 1s5 46 - 718

8 A-B-C-D 241 t 190 29 - 661
E-H-NEC-
SEC

—.—
a

Bas>d on the maximum permissible airborne concentration for
“soluble “ 227Pu, (occupational exnosure) of 74 mbq/m2.
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Fig. 1. Scalm.1 diugraln of workroom sho~ving ~)osition” of ~entil~lti(ln

aerosol sampling system :ompunents. Asterisks indicate location” of

(CAMS).
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continuous air monitors (CA\ls) used in the study.
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Fig. 4. Plot of minimum triggering concent.mtion w number of monitors.



Release
Location

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

TRIGGERING

A

164

204

215

460

1140

4338

373

75

210

747

1953

4226

4252

2930

1178

1321

1840

247

546

1953

B

172

270

187

287

804

3792

632

431

270

431

948

2241

1580

1321

698

891

29

241

37

lb36

CONCENTRATIONFOR

c

230

316

147

244

945

1293

838

804

639

919

891

1092

2928

9i9

661

1178

804

256

184

689

D

213

431

181

198

718

1551

517

4~8

3i6

517

37’3

46

101

661

316

373

689

259

178

632

APPEhQIX A

VARIOUS COMBINATIONS

E

19-

632

661

1005

1173

1002

1178

1810

4309

6176

1781

1752

1896

1695

431

345

661

F

172

194

977

431

977

9710

1149

1408

1235

1379

2’334

5573

6780

2183

2068

2384

1953

[+60

373

;’17

OF SAMPLER AND RELEASE POINTS - MPC~

G.

141

169

~7~

431

2040

13387

1034

1436

1264

1408

3390

6995

7354

3160

2471

2269

2097

345

345

1321

H.—

75

83

164

575

3419

30997

1264

2758

2269

2930

6435

13473

15685

5573

5631

4740

3562

192

287

1752

NEC

x

373

316

517

919

661

1235

1551

1523

1379

1666

1178

2499

2442

1207

2413

276

402

316

244

SEC

316

345

316

546

112

891

1580

155

1839

1637

2413

6234

7699

2298

2643

2585

2528

1551

517

575

NEC

282

287

247

1034

-1235

718,

1034

1465

1839

1637

1293

1896

1350

804

661

603

316

373

244

661

SEX

316

373 “

431

718

1982

10485

1724

2557

1982

1752

5745

5975

10227

2384

2471

4654

4108

488

345

517

aBased on the maximum permkslble airborne concentr[:fon for “soluble “ 239Pu (occupational exposure) of 74 &q/ms.
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