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Qyai l ty Msurance in Environmental Monitoring a t the 

Lawrence Livermore Laboratory* 

C. L. Lindeken, J . H. Whit*, and « . J . S i lver 

These monitoring r e s u l t s a r e published annual ly in a document a v a i l a b l e t o 
t a t p u b l i c . "So provide confidence in the da t a contained in t he se r e p o r t s , i 
QA progran has been developed, which i s now an i n t e g r a l p a r t of the LLL 
environmental monitoring program. 

Abateact 
The q u a l i t y assurance program for environmental monitoring t h a t has 

been developed a t the Lawrence Liversore Laboratory CLLL) c o n s i s t s of 
procedure documentation, s e p l t c a t e field-sample a n a l y s i s , and p a r t i c i p a t i o n 
it. intercomparlson Measurements. Sampling, a n a l y t i c a l , data processing and 
record keeping pKOcedat.se are desc r ibed , ft rep i ica te -sample c o l l e c t i o n 
schedule has been es tab l i shed Cor a i l media sampled a*- LLL. At p r e s e n t , 
b l ind-spiked samples are not u t i l i z e d . Flow r o t e s of a i r samplers a re 
tfetttle-i a t monthly i n t e r v a l s j s i n g a p o r t f h l e . H e l d c a l i b r a t i o n u n i t . 
Intercomparison measurements a re made on camples supplied by the Qua l i ty 
Assurance Branch or the Environmental Pro tec t ion Agency-Environmental 
Monitoring and support Laboratory and the Department of Energy-Environmental 
Measurements Laboratory. SepUca t e sampling c u r r e n t l y accounts l o r 
approximately 8 t of both the t o t a l sample? co l l ec t ed and the analyses 
performed. Including standard* w-house , q u a l i t y - c o n t r o l checks and t h e 
intercomparison measurements, i t i* est imated t b a t during 1976 q u a l i t y 
assurance w i l l represent about 15* of the t o t a l environmental-monitoring 
e f f o r t at LLL. 

I 'troduction 
As a r e s u l t of growing i n t e r e s t in the environmental movement, pub l i c 

a t t e n t i o n i s increas ingly being focused on environmental monitoring programs 
c a r r i e d ou t by both government agenc ies and p r i v a t e indus t ry . To e s t a b l i s h 
confidence in the data being genera ted , q u a l i t y assurance (QA) measures are 
being incorporated in many of these monitoring programs. At the Lawrence 
LWetmore Laboratory tLLL), an environmental monitoring program i s 
maintained t o assess the e f f ec t i venes s of V-c " i f luent-conta inment 
procedures used here . Because LLL La a cont rac tor of the U.S. Department of 
Energy (DOE), monitoring is conducted in accordance with the requirements of 
DUE IHD 0513 "Eft luent and Environmental Monitoring and Reporting" tDo?4J. 

Work performed under '_J»e ausp ices of the U.S. Department of Energy by the 
Lawrence Lwermoce Laboratory under cont rac t Kj . W-74D5-Eng~43, 

Organisat ion and R e s p o n s i b i l i t i e s 
At LLL, environmental monitoring i s conducted through the combined 

e f f o r t s of the Huclear Chemistry Divis ion , the Environmental ScLences 
Divis ion , and the Hazards Control Department. The o v e r a l l prograR, 
including QA, i s d i r ec t ed by the Environmental Evaluat ions Group of the 
Hazards Control Department. This group has the r e s p o n s i b i l i t y for sample 
c o l l e c t i o n , compiling and review of a n a l y t i c a l da ta , and p r e p a r a t i o n of 
r e p o r t s . Wast analyses for s p e c i f i c rad ionuc l ides are made by Nuclear 
Chemistry and Environmental Sc iences . Hazards Control performs a l l in-houso 
s table-e lement ana lyses , g ros s a lpha- and b e t a - a c t i v i t y measurements, as 
well as analyses for s e l e c t e d spec i f i c r ad ionuc l ides , in f requen t 
measurements t h a t requ i re spec i a l i z ed equipment or techniques and arc not 
normally a s soc ia ted wi th t h e Labora tory ' s mission a re con t r ac t ed to outoida 
l a b o r a t o r i e s . 

The supervisor o£ the Environmental Evaluat ions Group i s respons ib le 
for d i r e c t i n g the QA program, which developed from the format ou t l ined In 
the LLL Qual i ty Assurance HsnuaX (L178J. Annual aud i t s ace made by the u & 
Quali ty Assurance Office to ve r i fy compliance with the procedures spec i f ied 
for the program. Because the primary purpose of the program i s t o provide 
confidence in the a n a l y t i c a l da ta , the scope of the QA p lan was l imi ted t o 
the elements of Sample c o l l e c t i o n and a n a l y s i s , and data process ing and 
recordkeeping. 

Procedure agvelooaent 

our f i r s t undertaking a t LLL was to prepare a document t o accura te ly 
descr ibe the environmental sampling and a n a l y t i c a l prvjcedurefl cu r r en t ly in 
use. Much of t h i s information was obtained from i n t e r n a l memoranda and 
r e p o r t s , but there was a genera l need for formaligat ion and updat ing. In a 
de sc r i p t i on of the procedures in the d ra f t document, each a c t i v i t y i s 
ou t l ined in su f f i c i en t d e t a i l for the knowledgeable reader t o judge whether 
the procedures are app ropr i a t e in p r i n c i p l e . References are provided whan 
the methods or procedures in use have betta previously publ ished. 
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Records and Calibrations 
Throughout the program, emphasis has been placed on maintaining records 

that cover each activity. Sample flow through the system is shown in 
Figure 1. After collection, the sample description and identification are 
entered in a field log book. When the sample is delivered to the 
appropriate laboratory for analysis, the sample is recorded and assigned a 
laboratory number, which is used for identification until the analytical 
data are reported. 

Each laboratory participating in sample analyses Baintains its own 
records on instruaent backgrounds, analytical blanks, standardization?, and 
data reduction. Oata furnished the Environmental Evaluations Group for 
interpretation and subsequent reporting are permanently retained by the 
originating laboratory, either in laboratory notebook' or work sheets, or on -
magnetic tapes or similar computer-storage reco.ds. 

periodic internal audits are made of each activity to ensure that 
adequate records are maintained and tiiat data appearing in past, LLL annual 
environmental reports can be verified. In Gone cases, such as soil sample*, 
the sample itself is retained so the analysis can be repeated if desired. 
In other cases, such as air f i l ters , the sample is destroyed during 
analysis. However, the laboratory data pertaining to thes^ measurements is 
permanently retained. As noted, our program is also regularly reviewed by 
the Laboratory's Quality Assurance Office. 

Air sampling is the major sampling activity in which collection depends 
on a continually operating mechanical device that lends itself to 
calibration. Figure 2 shows the portable unit designed for field checking 
the calibration of Hi-Vol* air samplers. The unit consists of a Venturi 
meter equipped with a tapered adaptor to fit a 0.052-nr filter. The 
Venturi meter is connected to a Magnehelic gauge. Each month this field 
calibrator is itself calibrated in the laboratory; t..?n the flow rates 
indicated by samplers in ths field are compared with those of the portable 
unit. 

Table I shows the type of records being maintained for the particulate 
air samplers at the LLL perimeter area. The data generally indicate 

Reference to a company or product name -toes not imply approval or 
recommendation of the predjet by the University of California or the U.S. 
Department of Energy to the exclusion of others that may be suitable. 



figure 2. Field check of flow-rate calibration of 
paniculate, air samplers. 
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c o n s i s t e n t sampler to c a l i b r a t o r r a t i o s . Any sampler that di fEurs Eron the 
c a l i b r a t o r by more than 201 in two successive checks w i l l be replaced and 
r e c a l i b r a t e d in the l abo ra to ry . 

Qual i ty Control Samples 
Documenting accuracy and r ep roduc ib i l i t y of measurements i s impl ic i t in 

tfte <?A objectives ot any environmental monitoring prograw. Accuracy 
demonstrat ions are usually based on analyses o£ samples that con ta in known 
concen t r a t ions of tne c o n s t i t u e n t o£ i n t e r e s t . Typical of such camples a t e 
those r egu la r ly d i s t r i b u t e d in t h e intercomparison programs of the 
Environmental Pro tec t ion Agency (EPAS-Environraental Monitoring and Support 
Laboratory (EMSL) and the DOE~environrcental Measurements Laboratory (EHL). 
For in-house checks on accuracy, a known quan t i ty oC the r ad ioac t ive or 
s t a b l e c o n s t i t u e n t i s added t o the sasjplc. These "spiked" samples are 
submitted for ana ly t ic along with regular samples. IE the ana lys t i s 
unaware t h a t spiking has occurred , the sample ia termed a ' b l i n d sp ike" . 

As previous ly noted, the analyses of LLL environmental samples a re 
divided among diEEerent groups , and a t present these samples do not pass 
through a c e n t r a l receiving or process a rea . Without such c e n t r a l i z a t i o n , 
i t i s l o g i s t i c a l l y d i f f i c u l t t o maintain Use "bl ind" elcifent on a 
program-wide b a s i s . As a r e s u l t , b l ind spiking i s not employed in the LLL 
program, and we depend on performance in interc-aiparison analyses to 
demonstrate accuracy. 

Repl ica te Sampling 
The ana lys i s of r e p l i c a t e f i e l d samples i s a recognized moans of 

eva lua t ing the r ep roduc ib i l i t y of meauureaents. In "he LLL program, because 
a l l sample co l l e c t i ons are made by one group, i t was r e l a t i v e l y easy t o 
introduce r e p l i c a t e samples i n to the system. Accordingly, a r e p l l c a t e -
sampling schedule was adopted t h a t included a l l the media rou t ine ly 
monitored a t LLL. Table 2 shows annual, rou t ine and r e p l i c a t e schedules , 
and i n d i c a t e s the nunber of samples co l l ec ted and the nurfcer of analyses 
perCorned. 

In g-en-rral, r e p l i c a t e s aap ie s account for aboat 10% of the sainples 
c o l l e c t e d . Air samples run considerably l e s s than t h i s , because here 
r e p l i c a t i o n involves opera t ion of samplers in p a r a l l e l , and such checks are 
a t p resen t r e s t r i c t e d to o n - s i t e sampling l o c a t i o n s . 



fct biaonthly intervals, 3 particulate ail sampler is operated in 
parallel with thf permanent sampler at one of the six periaeter locations at 
the laboratory. This parall%l operation is continued for a one-month 
period; both filters ace changed on the regular w"1! '.• oasis and ace 
submitted (or analysis in the usual manner, Th - e*.u^ sassier is rotated 
among the six locutions, so that all samplers are checked annually. 
Replicate samples are compared with respect to gross alpha and beta 
activities and Pu content. 

Typical gross alpha and beta activity data are shown In Table 3, The 
reason for the poor agreement in tho alpha data might be that a l l activities 
are near the limit oC detection sensitivity. However, if this were the 
explanation, we woull expect the ratios to be better distributed around 1.0, 
rather than being biaoad toward lowar valuer;. Inspection of the sampling 
records Showed that sampler 2A consistently operated at a higher flow rate. 
As a result., the dust loading on the Whatman-41 filter on this sampler was 
greater, and largor burial losses of alpha activity would be expected. The 
better agreement fihown for beCa activities implies that the flow rates 
indicated by these samplers wore probably correct-

Table i showa the replicate measurements for plutonigm in air . Mote 
that, with the exception of Location 14, the variat ion between the results 
of replication tuns are comparable to the variation between results £or the 
other perioeter stations. This Indicates that the plutoniua source ia 
global fallout and that ail five samplers may be considered as replicate 
collections. Location 14 is normally dowfiwind from an area where new 
discontinued wa3t«~ptoceooing operations resulted in low-level plutonium 
contamination (St Ti). 

Parallel ait namples for trlt iated water analyses are collected at the 
perimeter locations uuring alternate months from those in which replicate 
samples for particulate analyses are collected. Water vapor is collected on 
silica gel, using air flow rates of about 0,5 litre/m over collection 
periods of 2 weeXa. The air mover is a positive-displacement pump, filtered 
with an in-line critical orifice to provide flow control. Figure 2 shows a 
pair of t r i t iated water-vapor collectors in operation. Table 5 illustrates 
the variability in the measured tritium content, u3ing these perimeter 
samplers. Secause the counting errors associated with these measurements 
are typically undei S», these data suggest that replicate measurements 
provide a mote realistic indication of overall reproducibility. 



Table 4 . Rep l i ca t e Data £or Plutonium Ac t iv i ty in Air a t LLL-Pecimetoc 
S t a t i o n s - 1977. 

, 9 p u A c t i v i t y x 1 0 ~ 1 7 , viCi/ral 

Average of a l l s t a t i o n s 
except loca t ion 14 

1.9 + 9* 
2.3 i 7* 

2.0 + lfli 
2.2 4- 8% 

Table 5 . Repl ica te Data for a i rborne T r i t i a t e d Water - 1978. 

Sampling 
Ac t iv i ty , jjCi/ml 

f U i 3* 
3.3 x 1 0 - 1 1 +, 6% 

Ratio: 
15/15A 

4.4 » 10 " + 3% 1.33 

3.4 x 10 " 
3.7 x 10~' 



S '-5 

I 
= 1.0 

Intercomparison: 
A 7/77. i 1/78 

LLL: 
• 7/77,01/78 

A * ' 
a A 

»• . * 

Figure 4. ?lutoniu»-in-vater tntercoaparison data from DOE Quality 
Assurance progran. (Data points arranged in order of increasing values.) 
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Table 6. RcplLcatt TLO (CaT2 phoaphor) HeMureBenta at LLL-periwtec 
S ta t ion! - 1977. 

Measurements,* Brads + 2a (t) 

1977 
Quarter Group 1 Group 2 Group 3 

1 19.1 + 12.9 18.4 + 9.8 19.3 + 5.9 
2 19.0 • 3.7 17.2 + 9 .1 17.6 + 6.2 
3 1 7 . 0 + 1 3 . 4 1 4 . 9 + 8 . 6 1 7 . 3 + 1 4 . 8 
4 1 9 . 3 + 1 5 . 3 18,0 i 9 .5 1 9 . 3 + 5 . 1 

Mch dose value raprtianta an average of 9 BeaaureEents, 



Table 7. Relationship Batvaen Nwbecs of QA and Routine Saaples Processed and Analysed in %,LU 
Rnvirorriental Monitoring Pcogcaa - 1978. 

Ho. No. 
Medium Rautir i Qh 

Air 3416 124 

Water 276 58 
S o i l 62 LB 
Vegetation 216 32 
Sewage 3786 383 
Milk 24 2 
TLD 216 72 

Totals €996 689 

[•*£. 
Total Ho. 

NO. QA/total, t Routint 

3540 3.5 1560 

334 17.4 62 

90 22.5 11 
248 12.9 216 

3169 12.1 966 
26 7.7 12 

281 25.0 216 

3*mpl»* 
No. Total 
0* No. QA/tOtal, t 

48 1608 3.0 
18 100 18.0 
7 38 18.4 

32 248 12.9 
160 1V26 14.2 

1 13 7.7 
72 288 25.0 

338 3421 9.9 
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Figure I . SaopLa and da ta flow in the ILL 
Environmental Monitoring Progca*. 



Table 1. F i e l d Checks of Air-flow Calibration!* - 1978. 

Sampler /ca l ibra tor r a t i o t a ' 

Location j 3 n , r e b . Hatch * ? r i l 

01 1.05 1.04 1.01 1.12 
02 0.88 0.83 0.B9 0.91 
12 0,84 0.82 1.48 0.83 
U 1.09 1.06 1.14 1.86 
U D.82 I .11 0.95 
15 1.05 1.07 1.06 0.92 

Rat ios of flow ind ica ted by iiamplor compared with flow indicated by 



Table 2 , Suaber of Samples Col lected ana Hunker oE fci&lyses Performed iai 
Environmental Monitocing Program - 1978. 

Ho. of samples Mo. of analyses 
Medium Routine Repl ica te Routine Repi ics te 

Air 1560 44 3416 llfi 
Mater 182 8 276 24 

S o i l 31 3 62 6 
Vegetat ion 216 24 216 24 

Sewage 966 160 2766 363 
HiU 12 1 24 2 

TLD 3 216 46 216 4G 

T o t a l s 3183 288 69S6 tl&J 

^Theraoluminescence dosimetry ITLD), 



Table 3 . Gross Alpha and Beta A c t i v i t i e s of Pa r a l l e l Air Samplers. 

Alph a c t i v i t y x l t f l 5 , yCi/ml Beta a c t i v i t y x lo™ 1 5 , yCi/a i 

s aa s l ec Ra t io : 

2A/2 

Sanolec Ratios 

Test 2 2A 

Ra t io : 

2A/2 2 2A 2A/2 

1 1.55 1.23 0.79 9.68 9.83 1.02 
2 1.74 1.16 0.67 23.68 17.45 0.75 
3 3.14 2.82 0.90 22.33 22.83 1.02 
4 Q.81 0.94 1.16 16.02 1> 36 0.90 
5 0.97 0.56 0.58 10.55 11.66 1.12 
G 0.98 0.43 0.44 10.17 10.70 1.05 

7 1.42 1.01 0 .71 15.23 15.40 1.01 

e 1.89 1.50 0.80 22.67 21.98 0.97 

9 1.24 0.S4 0.44 20. S3 17.01 0.85 
10 0.83 0.47 0.57 11.31 16.97 1.50 

n 0.50 0.43 0.B6 10.01 8.32 0.83 
12 1.92 2.00 1.04 14.54 13.43 0.92 

13 0.73 0.56 0.77 6.47 5.90 0.91 
14 6.49 0 .41 0.84 7.82 6.69 6.86 

Average ratios 0.76 0.99 



Figure 3. Replicate saopling of tritiate<3 wat«r vapor. 
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In 1975, we began taking r e p l i c a t e measurements of environmental gannta 
r a d i a t i o n by exposing mul t ip le therwoJurainescence dosimeters a t each of 
th ree loca t ions on the LLL-perimeter fence . These measurements weift 
i n i t i a l l y undertakes w> determine t h e p r e c i s i o n t h a t could be expected from 
thermolumlnescence dosimetry (TLD) under Eleld cond i t ions , However, they 
ace now p a r t of the gA program. Each l o c a t i o n i s provides w i th t h r ee 
dos imete rs . Each dosimeter conta ins t h r ee TLD-700 ch ips (LiP phosphor) and 
th ree TLD-200 ch ips <CaF. phoaphor) ao r e o r o d u c i b i l i t y da ta can be based 
on nine measurements of each phosphor t y p e . Repl icate dosimeters along with 
the o ther environmental dosimeters a re cha t t ed q u a r t e r l y ana read as pare of 
t h e r o u t i n e s e t , using a procedure developed for environmental background 
measurements (Li76j . Result* of t h i s r e p l i c a t i o n study were repor ted by 
White e t a l . {Wh7B). Table 6 , which shows the CaP2-phOSphor data obtained 
in 1977, i nd ica t e s t h a t o v e r a l l r e p r o d u c i b i l i t y of the technique i s wi thin 
15*, wel l within the oertorniance recommended by AHSt H545-197S Wn75). 

Intercomparison Analyses 

Lawrence Livermoce Laboratory p a r t i c i p a t e s in both t h e EPA Cross Check 
Program conducted by BBSL-^aa: Vegas and the DOE Qual i ty Assurance Sample 
Analysis Program operated by OIL. In t h e EPA program, sample* are 
d i s t r i b u t e d bimonthly, q u a r t s r l y , semi-awuis l ly , or annual ly - t h e 
schedule being s e t by the i n t e r e s t s of program u s e r s . At p r e s e n t , a l l DOE 
samples a r e d i s t r i b u t e d q u a r t e r l y . Both programs offer a v a r i e t y of 
r ad ionuc l ides in a l l media normally encountered In environmental 
monitorK19. T h c E P f t program i s t h e o lde r and l a rge r e f f o r t , having a t 
p r e sen t over a hundred l abo ra to r i e s p a r t i c i p a t i n g on a regulac b a s i s . The 
DOB program, a t a r t e d in 1976, i s l im i t ed t o about t h i r t y DDE-contractor 
l a b o r a t o r i e s . 

At UuL, the Nuclear Chemistry and Environmental Science Divisions 
p a r t i c i p a t e in both programs) a t p r e s e n t , Bazards Control p a r t i c i p a t e s in 
only the EPA Cross Check ana lyses . Al l inttrcompariscm samples ace received 
by and d i s t r i b u t e d i n t e r n a l l y by the Environmental Evaluat ion* Group, which 
a l so i s responsible for repor t ing the r e s u l t s o£ a l l ana lyse* . Ho attempt 
i s made to conceal the presence of the QA samples in the system, i n many 
cases the QA samples ace analyzed along with other rou t ine samples, but t h i s 
has never been considered mandatory. 



-16-

Hhen the results of each intercoaparison are coaplete. both EPA and DOB 
sand participants a coded report that l i s t s a l l data submitted, whereas* 
&S coap&tas these data with the grand average as well as with the known 
value baaed on the EPA measurement, DOB compares each participant's data 
only with that obtained by the BIL. Sheas reports are made an integral part 
of the records ot out QA program. 

The Laboratory also has begun a quarterly TLD intercomparison with 
EHL, Dosimeters fro* LLL are exposed at EML's monitoring station at 
Chester, Hew Jersey, along with SHt dosimeters. Because IXL dosimeters Must 
be air shipped to and fros the east coast, corrections mist be ttade *or 
transit doses. These corrections are based on data from dosineteii shipped 
in the sane package as the others but kept in a tadi.ati.on shield wfeil» the 
field exposures are in progress. 

Early in the DOS intercoepariaons, i t was found that the LLL values for 
Plutonium in water were about half those found by so. . According to the 
report, the values reported by other laboratories were also quite low 
compared with those of EML. in general, our results agreed closely with 
those of EMI. if piutonius-spiked fi l ter papers were used, so the trouble did 
not appear to be in the plutoniu* procedures. Discussions with F»l revealed 
that they used the whole sample for plutoniua analysis, where?? LLL and 
several other laboratories used an aliquot. Samples were shipped in plastic 
bottles and, although the saaplss were acidified, plutonium was app«*nfcly 
adsorbed on the container walls. After we adopted the EMI. practice, much 
closer agreement was obtained, as indicated in Figure 4, 

He have also observed differences between the LLL gawma-count data and 
the EHL reference data for counts of spiked air f i l ters . Both KHL and LLL 
count the papers in a plane configuration. Although the discrepancy is not 
yet resolved, i t may be related to differences in the counting geometries 
assumed for the measurements. Plans for special intercalibrations are being 
discussed. 

Qaalitv Assurance effort 
Table 7 shows the relationship between the numbers of QA and routine 

sample? processed and analyzed at LLL. Quality assurance* accounts for about 
104 of the total on the basis of the number of samples and 9% based on 
analyses. At present, the major emphasis is on replicate sampling, which 
currently accounts for spproxtsately B* of bote the total samples and the 
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nuuabBE of analyses performed, Including in-house quality control checks and 
the intticcDapaiisonn, Qh is estimated to represent about 15* o£ the total 
environmental SKmltoring effort at lit.. 

Condmiong 
w* believe that this present level ol! effort adequately meets the neea 

for QA ifi our environmental sonitaring program. One of the iflmwdiate 
benefits of implementing the Q* plan has been the introduction oC a formal 
wichaniaa of continual review Of the entire Li& progea*. the emphasis vft 
replicate sample analysis is also providing valuable field data that may 
pEovi3e a swee realistic base for f,ti*atitV3 the reproducibility of 
environmental measurements!. Because the objective of the Q*. program is to 
provide confidence in environmental monitoring data, both field and 
laboratory personnel have been cooperative in implementing the plan and been 
personally interested in the results, in theory* at least, such of what i s 
being done in th« program has always been done. The difference Is that we 
now have a nam for It - quality assurance. 


