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(57) ABSTRACT 

An apparatus and methods of utilizing a semi-permeable 
membrane to concentrate contaminants in a portion of an 

Ultra Pure Water stream to levels Which are detectable by an 

on-line analyzer. This alloWs the use of analyzers that Would 
not be able to accurately detect contaminant concentrations 
in the Ultra Pure Water stream. Thus, by knowing the 
concentration factor and the level of contaminants in the 
concentrated stream indicated by the analyzer the real level 
of contamination can be back calculated. 
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WATER CONTAMINATION CONCENTRATION 
APPARATUS AND PROCESS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to methods for testing 
Water for contaminants. In particular, the present invention 
relates to utilizing a contaminant concentration process for 
on-line contaminant testing of a continuous ultra pure Water 
stream. 

[0003] 2. State of the Art 

[0004] Ultra pure Water (hereinafter “UPW”) is, simply, 
Water With extremely loW concentrations of contaminating 
materials. Such loW contaminant concentrations make UPW 
a very efficient solvent. Thus, it is used in a Wide range of 
industries including food processing and microelectronic 
device fabrication for cleaning products and process equip 
ment Without leaving behind contaminants that can 
adversely affect product quality. UPW is also used in bio 
logical processes, medical facilities, and pharmaceutical 
manufacturing Which impose special purity requirements. 
UPW can be produced by a variety of techniques knoWn in 
the art, but is primarily produced using dead-end ?ltration 
With polymeric membranes. 

[0005] In the microelectronics industry, the use of UPW is 
critical, because active ions and solid particles in process 
Water can result in the alteration of the current carrying 
characteristics of microelectronic devices by causing insu 
lation breakdoWn and electrical shorts. In semiconductor 
devices, even minute particles less than a micron in siZe are 
able to destroy an entire Wafer of semiconductor chips. 
Furthermore, even if a microelectronic device is not imme 
diately destroyed by impurities, the impurities may affect the 
long-term reliability of the device. 

[0006] With such a dramatic impact on device production, 
the microelectronics industry is continuously Working 
toWard making UPW even cleaner. HoWever, Water-purify 
ing techniques for producing UPW have been improving 
more rapidly than the technology of on-line contaminant 
analyZers. In other Words, UPW has become so clean that the 
ability to accurately test for contaminants on-line has 
become almost impossible. For example, current levels of 
individual contaminants, such as silica, metals, most anions 
and cations, and sodium, are in the parts per billion, even as 
loW as parts per trillion. These levels are far beloW the 
eXisting loWer detection limits of even the highest quality 
on-line analyZers. 

[0007] Furthermore, an analyZer does not output the true 
contaminant level, because they also output a “Zero” level 
created by the inherent signal noise of the analyZer. Thus, the 
contaminants concentration can become so loW that the 
“Zero” level begins to give false readings. Such erroneous 
data is very detrimental because knoWing the true level of 
speci?c contaminants is crucial for the application of sta 
tistical process control monitoring techniques and true pro 
cess alarming. Thus, Water quality cannot be effectively 
monitored to prevent compromises in UPW quality before 
critical levels are reached. 

[0008] Although laboratory analysis does have the capa 
bility to measure contaminants at the parts per billion and 
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parts per trillion levels, the turn-around time from Water 
sampling to assessment is far too long for real time moni 
toring. 

[0009] Therefore, it Would be advantageous to develop 
apparatus and techniques for on-line UPW testing to accu 
rately measure and monitor minute levels of contaminants 
utiliZing commercially available Water puri?cation equip 
ment. 

SUMMARY OF THE INVENTION 

[0010] A contamination concentration device including a 
?ltering device, Which is feed a feed stream (containing a 
contaminant of interest) and Which separates the feed stream 
into a product stream and a concentrate stream. The con 
tamination concentration device further includes a contami 
nant analyZer, Which is feed the concentrate stream and 
Which analyZes the concentration of the contaminant of 
interest in the concentrate stream. In general, the concentrate 
stream contains a higher concentration of the contaminant of 
interest than the feed stream. 

[0011] The contamination concentration device is utiliZed 
by delivering the feed stream to the ?ltering device and 
separating the feed stream into the product stream and the 
concentrate stream. The concentrate stream is then delivered 
to the contaminant analyZer, Which determines the concen 
tration of the contaminant of interest Within the concentrate 
stream. Using the determined concentration of the contami 
nant of interest, a concentration of the contaminant of 
interest Within the feed stream is determined. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming that Which is 
regarded as the present invention, the advantages of this 
invention can be more readily ascertained from the folloW 
ing description of the invention When read in conjunction 
With the accompanying draWings in Which: 

[0013] FIG. 1 is a schematic of a Water contamination 
concentration apparatus, according to the present invention; 

[0014] FIG. 2 is a schematic of a Water contamination 
concentration apparatus having a silica standard stream 
delivered to the feed stream of the apparatus, according to 
the present invention; 

[0015] FIG. 3 is a graph of indicated PPB of silica versus 
the concentration ratio for tests of both AnalyZer A and 
AnalyZer B, according to the present invention; 

[0016] FIG. 4 is a graph of the results added silica 
standard stream tests With AnalyZer A graphed as added 
silica (PPB) vs. Indicated Silica Concentration (PPB), 
according to the present invention; 

[0017] FIG. 5 is a graph of the results added silica 
standard stream tests With AnalyZer B graphed as added 
silica (PPB) vs. Indicated Silica Concentration (PPB), 
according to the present invention; 

[0018] FIG. 6 is a graph of readings from both AnalyZer 
A and AnalyZer B in PPB of silica versus the laboratory 
analysis results in PPB of silica, according to the present 
invention; 
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[0019] FIG. 7 is a graph of the adjusted and original data 
for Analyzer A wherein the slope of the trendline for the 
adjusted data for Analyzer A indicates the true level of silica 
in the feed stream, according to the present invention; 

[0020] FIG. 8 is a graph of the adjusted and original data 
for AnalyZer B Wherein the slope of the trendline for the 
adjusted data for AnalyZer B indicates the true level of silica 
in the feed stream, according to the present invention; and 

[0021] FIGS. 9 and 10 are schematic of an on-line con 
taminant concentration apparatus, according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENT 

[0022] Although FIGS. 1, 2, 9 and 10 illustrate various 
vieWs of the present invention, these ?gures are not meant 
to portray any Water treatment or analysis equipment in 
precise detail. Rather, these ?gures illustrate such equipment 
in a manner to more clearly convey the concepts of the 
present invention. Additionally, elements common betWeen 
the ?gures retain the same numeric designation. 

[0023] FIG. 1 illustrates an embodiment of a contaminant 
concentration apparatus 100 according to the present inven 
tion. The contaminant concentration apparatus 100 com 
prises a ?ltering unit 102 having a feed stream inlet 104, a 
concentrate stream outlet 106, and a product stream outlet 
108. The ?ltering unit 102 is preferably a semi-permeable 
membrane-type system, including but not limited to reverse 
osmosis, nano?ltration, and ultra?ltration systems, as knoWn 
in the art. 

[0024] A feed stream 114 potentially containing the con 
taminant(s) of interest enters the feed stream inlet 104. The 
feed stream 114 is a portion of a UPW stream (not shoWn) 
used in a fabrication process. The ?ltering unit 102 separates 
the feed stream 114 into a concentrate stream 116 containing 
the contaminant(s) of interest in a concentrated form, Which 
exits through the concentrate stream outlet 106, and a 
product stream 118, Which exits through the product stream 
outlet 108. The concentrate stream 116 feeds an analyZer 
122, Which determines the concentration of the contami 
nant(s) of interest in the concentrate stream 116 and expels 
the analyZed concentrate stream as a Waste stream 124. The 
concentration of the contaminant(s) of interest in the feed 
stream 114 is then calculated based on the concentration of 
the contaminant(s) of interest in the concentrate stream 116, 
the How rate of the concentrate stream 116 as determined by 
a concentrate stream ?oWmeter 126, and the How rate of the 
product stream 118 as determined by a product stream 
?oWmeter 128. This calculation Will be discussed in further 
detail beloW. The analyZer 122 may be either a continuous 
analysis or a grab sample-type analysis system. It is, of 
course, understood that ?oWmeters on any tWo of the feed 
stream 114, the concentrate stream 116, and the product 
stream 118 can be used for the Water balance information 
needed to calculated the contaminant concentrate in the feed 
stream 114. 

[0025] The concentration of the contaminant(s) of interest 
in the concentrate stream 116 is a function of the How ratio 
betWeen the feed stream 114 and the concentrate stream 116 
(hereinafter “the concentration ratio”). HoWever, the con 
centration function varies With each speci?c contaminant of 
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interest (i.e., hoW Well a speci?c contaminant of interest can 
be separated from a feed stream for a given equipment 
con?guration). Thus, this must be pre-established by labo 
ratory analysis for each speci?c contaminant of interest. The 
concentration ratio can be varied by simply varying the How 
ratio betWeen the feed stream 114 and the concentrate stream 
116. The variable concentration ratio is useful for matching 
the sample concentration to the analytical capabilities of the 
analyZer 122 to provide a stable and accurate analysis. 
Additionally, the product stream 118 is actually puri?ed 
cleaner than the feed stream 114, and is thus suitable for 
immediate re-use Without Waste. Furthermore, the technique 
of the present invention uses no energy or chemicals. 

[0026] Therefore, the technique of the present invention 
overcomes the detection limits of existing analyZers by 
increasing the contaminant concentration before analysis is 
attempted. For example, a silica analyZer may have a loWer 
detection limit of 0.2 micrograms per liter. If the contami 
nants in a sample of Water are concentrated by a factor of 
100, then the functional detection limit is loWered to 0.002 
micrograms per liter using the same analytical instrumen 
tation. 

EXAMPLE 1 

[0027] FIG. 2 illustrates an experimental contaminant 
concentration apparatus 130 according to the present inven 
tion. Acontinuous How of UPW, denoted as feed stream 144, 
Was fed through feed stream inlet 134 into a self-contained 
Reverse Osmosis unit 132 (ESPAFREE 3000 Module, 
Hydranautics, Oceanside, Calif., USA). Reverse Osmosis 
(hereinafter “RO”) is used to either remove contaminants 
from the desired product stream, or remove excess Water 
from a desired product. In typical applications, the ‘recov 
ery’ of the product is usually limited to approximately 15% 
of the feed Water to any single RO element. In other Words, 
if 100 units are fed to the RO unit 132, 15 units exit a product 
stream outlet 138 as a product stream 148 and 85 units exit 
a concentrate stream outlet 136 as a concentrate stream 146. 

HoWever, for the present invention, the RO unit 102 is run 
in a near “dead-end” mode, With the How of the concentrate 
stream 146 signi?cantly loWer than normal operation. It is 
believed that recoveries as high as 99.5% are feasible When 
running in dead-end mode. Thus, the How of the product 
stream 148 can be 10 to 200 times the How of the concentrate 
stream 146. This is a signi?cant difference from knoWn 
applications of reverse osmosis systems. 

[0028] Aproduct ?oWmeter 158 is attached to the product 
stream 148 and a concentrate ?oWmeter 156 is attached to 
the concentrate stream 146. The How rate of the feed stream 
144 Was controlled by a feed stream valve 162 and the How 
rate of the concentrate stream 146 Was controlled by a 
concentrate stream valve 164. It is, of course, understood 
that the various ?oW rates of streams through the contami 
nant concentration apparatus 130 may controlled by con 
trolling the ?oWs in any tWo of the feed stream 144, the 
concentrate stream 146, and the product stream 148. 

[0029] After determining the concentration ratio of the 
product stream 148 to the concentrate stream 146, knoWing 
the recovery of the contaminant concentration apparatus 
130, and knoWing the capability of the analyZer 152, the true 
level of contaminant in the feed stream 144 can determined. 
The recovery of the contaminant concentration apparatus 
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130 and the capability of the analyzer 152 Were determined 
using silica as the test contaminant. Silica Was chosen as the 
test contaminant, because it is a good indicator species of a 
UPW system as a Whole. Silica levels are usually the ?rst to 
increase if there are any problems during the production of 
UPW. 

[0030] A peristaltic pump 166 and pressuriZed sample 
bottle 168 (pressuriZed by a nitrogen gas feed 172) Were 
used to feed a silica standard stream 174 at various ?oW rates 
(controlled by How controller 176) into the feed stream 144. 
The silica standard stream 174 is thus continuously added 
into the feed stream 144 (having a knoWn ?oW rate). Thus, 
this is essentially an on-line equivalent of an unknoWn-plus 
standard test traditionally performed off-line in analytical 
laboratories. By comparing contamination level results from 
the analyZer 152 and the knoWn amount of silica added in 
the silica standard stream 174, the recovery of the entire 
process, including the concentration ef?ciency of the RO 
unit 132 and capabilities of the analyZer 152, Was deter 
mined. 

EXAMPLE 2 

[0031] Identical sets of tests Were run on tWo silica ana 

lyZers, a HACH 5000, Hach Company, Loveland, Colo., 
USA and a Bran+Luebbe, Bran+Luebbe, Norderstedt, Ger 
many, referred to hereinafter as AnalyZer A and AnalyZer B, 
respectively. TWo silica analyZers Were used to ensure repro 
ducibility and accuracy. Additionally, the testing of separate 
analyZers ensured that the process of the present invention is 
analyZer independent (i.e., that the general technique Will 
Work for more than one type of analyZer). Test runs usually 
lasted betWeen about three to four hours to ensure analyZer 
and R0 unit stabiliZation, and generated betWeen about 
thirty to forty analyZer readings. The same reverse osmosis 
unit (i.e., ESPAFREE 3000 Module, Hydranautics, Ocean 
side, Calif., USA) Was With AnalyZer A and AnalyZer B for 
the tests. 

[0032] The ?rst set of tests focused on varying the How of 
the product stream 148 to vary the concentration ratio 
betWeen this How and the How of the concentrate stream 146 
running to the analyZers. FIG. 3 is a graph of the data 
generated. As expected, the indicated silica concentration in 
PPB (the y-axis) generally increases as the concentration 
ratio increases (the x-axis). By increasing the concentration 
ratio, more silica is measured by the analyZers as it is ?ltered 
out by the RO unit 132 into the concentrate stream 146. 
HoWever, indicated silica concentration readings begin to 
level off beginning at concentration ratios of about thirty for 
AnalyZer A and about tWenty for AnalyZer B. The exact 
cause of this trend at higher ratios is not knoWn at this time. 
HoWever, up to the “level off” points for each of the 
analyZers, the data ?ts a linear trend and indicates that the 
concentration technique can be utiliZed up to a concentration 
ratio of approximately 20. Discrepancies betWeen AnalyZer 
A and AnalyZer B in the indicated PPB of silica at the same 
concentration ratios are most likely due to the greater 
accuracy and loWer Zero limit of AnalyZer B. 

[0033] The second sets of tests consisted of the addition of 
the silica standard stream, as previously discussed. A com 
mercially available 500 pig/L silica standard (HACH 5000 
Silica Standard, Hach Company, Loveland, Colo., USA) 
Was fed, as silica stream 174, to the feed stream 144 With the 
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peristaltic pump 166 injunction With the pressuriZed sample 
bottle 168. The silica stream 174 Was fed at three different 
rates of 0.1, 0.3, and 0.5 ml/min., Which added 0.5 PPB, 1.5 
PPB, and 2.5 PPB of silica, respectively, to the feed stream 
144 ?oWing at 100 ml/min. These additions Were completed 
for each of the four concentration ratios of 5 x, 10x, 15 x, and 
20x. For a control data set, a 1><concentration Was also run. 
The 1><concentration run comprised feeding the feed stream 
144 and the silica stream 174 directly to the analyZers 
Without passing the streams through the RO unit 132. Again, 
test runs on the analyZers lasted for a minimum of about 
three hours. The readings from both analyZers Were very 
consistent; demonstrating that the standard addition system 
Was able to guarantee consistent single-digit parts per billion 
standards. 

[0034] FIG. 4 illustrates the results With AnalyZer A and 
FIG. 5 illustrates the results With AnalyZer B. The results are 
graphed as added silica (PPB) vs. Indicated Silica Concen 
tration (PPB) to easily determine the percent recovery of this 
UPW concentration technique. If one hundred percent of the 
silica added With the silica stream 174 Was recover and 
concentrated in the RO unit 132, analyZers readings at the 
silica standard addition ?oW rates at 0.5 ml/min. should be 
2.5 PPB higher than readings With no silica addition at the 
same concentration ratio. The slope of the trendline thus 
indicates the percent recovery and Would be equal 1.00 to 
correspond to the one hundred percent recovery in the 
theoretical case. This analytical method also eliminates the 
necessity of determining the unknown silica content in the 
UPW in order to calculate hoW much of the silica read by the 
analyZer originates from silica already present in the UPW 
and hoW much originates from the silica standard added. 

[0035] Again, the data for both analyZers ?t linear trends. 
For all runs, With the exception of the control run, the 
recovery slopes are similar and the trendlines are substan 
tially parallel for each analyZer. It Was expected that increas 
ing the concentration ratio Would signi?cantly decrease the 
amount of silica recovered, but it appears this is not the case 
When concentrating at or beloW the 20><limit determined 
previously in the ?rst set of tests. Thus, When using the RO 
concentrator and AnalyZer A, the average recovery is about 
62% and When using the RO concentrator and the AnalyZer 
B, the average recovery is about 55%. 

[0036] Another unexpected ?nding Was discovered When 
comparing the slope of the control run With the slopes of the 
test runs. It Was expected that the slope of the control run 
Would be substantially the same (i.e., parallel) as the slopes 
of the test runs. HoWever, for both analyZers, the slope of the 
control run is much steeper than the other test involving the 
addition of silica standard. It Was determined that Without 
the efficiency of the RO element playing a factor, the 
recovery given by the control run’s slope is actually the 
ef?ciency of the analyZer and Would explain the higher 
slope. Thus, this alloWs the determination of the analyZer 
recovery separate from the RO element recovery. Again, as 
stated previously, discrepancies betWeen indicated silica 
concentrations are presumed to be due to the greater accu 
racy and loWer limit of detection of AnalyZer B. 

[0037] Various samples Were taken during several of the 
test runs and sent to an off-site laboratory for independent 
analysis. FIG. 6 is a graph of the readings from the analyZers 
in PPB of silica (y-axis) versus the laboratory analysis 
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results in PPB of silica (X-aXis). These axes Were chosen so 
that the slope of the trendline Would equal the analyzer 
recovery. In general, the laboratory analysis yields higher 
readings of silica in the samples than each of the tWo 
analyZers, but the discrepancy betWeen the readings are 
consistent—as seen by the linear ?t. This result con?rms the 
reliability of the UPW concentration technique, as long as 
the analyZer recovery is taken into account When calculating 
the true level of silica in the UPW. The AnalyZer A appears 
to read only 84% of the silica actually present in the sample 
stream While AnalyZer B reads approximately 72% of the 
silica present. Thus, although AnalyZer B has a loWer Zero 
noise limit, AnalyZerAdetects more silica in a given sample. 

[0038] By using the results of the tests, it is noW possible 
to determine the true level of silica in the UPW. First, the 
indicated silica concentration (PPB) data from FIG. 3 Was 
adjusted to account for the separate recovery on the tWo 
analyZers. Thus, for AnalyZer A, each data point Was divided 
by 62% and for AnalyZer B, each data point Was divided by 
55%. The adjusted indicated silica concentration (PPB) data 
points Were then plotted again versus concentration ratio. 
FIG. 7 is a graph of the adjusted and original data for 
AnalyZerAand FIG. 8 is a graph of the adjusted and original 
data for AnalyZer B. The resulting slope of the neW trendline 
for the adjusted data for AnalyZer A and B indicates the true 
level of silica in the feed stream. As seen, AnalyZer Ayields 
a measurement of 0.19 PPB silica for the tested UPW stream 
and AnalyZer B obtains a calculation of 0.14 PPB silica for 
the tested UPW stream. HoWever, the Zero noise level of 
Analyzer A is about 0.7 PPB and the Zero noise level of 
AnalyZer B is about 0.2 PPB. Thus, the UPW concentrator 
technique has alloWed the true silica level to be determined 
With the same analyZers that Would have previously only 
reading their oWn noise in on-line monitoring Without the 
UPW concentrator. 

[0039] Next, the loWer detection limit of the analyZers Was 
calculated to determine the improvement ratio of the tech 
nique over conventional on-line monitoring Without the 
UPW concentrator. The RO product Water stream can be 
used as a Zero standard and alloWs the instrument Zero to be 
quanti?ed, as Will be discussed With FIGS. 8 and 9. For 
on-line instrumentation With many analytical results, the 
loWer detection limit can be regarded as a signal shift of 
three times the instrument’s standard deviation above the 
Zero baseline. The standard deviation Was determined using 
statistically techniques Well knoWn in the art. Using Ana 
lyZer A (standard deviation of 0.02) as an eXample: 

[0040] (AnalyZer A’s loWer detection limit) 

[0041] Arbitrarily choosing a 20><-concentration ratio and 
AnalyZer A’s 62% recovery (as discussed previously), the 
detection limit of AnalyZer AWith the UPW concentrator is: 

0.06 PPB/20/0.62=0.005 PPB 

[0042] (Lower detection limit With the UPW concen 
trator) 

[0043] The current loWer detection limit of off-site labo 
ratories is 0.1 PPB. Thus, the resulting analytical improve 
ment of the present invention over laboratory analysis is: 

0.1/0.005=20 
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[0044] (factor of improvement over an off-site labo 
ratory) 

[0045] AnalyZer A has a loWer detection limit of 0.7 PPB 
(i.e., the Zero noise limit). Thus, the resulting analytical 
improvement of the present invention over using AnalyZer A 
Without the UPW concentrator is: 

0.7/0.005=140 

[0046] (factor of improvement over AnalyZer Without 
UPW concentrator) 

[0047] FIGS. 9 and 10 illustrate an embodiment of an 
on-line contaminant concentration apparatus 180 of the 
present invention. When such an on-line contaminant con 
centration apparatus 180 is installed, its Zero noise level 
needs to be determined. The Zero noise level is determined 
using a four-Way selector valve 182 to feed at least a portion 
of the product stream 118, as a Zero stream 184, to the 
analyZer 122, as shoWn in FIG. 9. The concentrate stream 
116 is merely routed though the four-Way selector valve 182 
and discarded as Waste stream 186. The product stream 118 
can be used as the Zero stream 184 (i.e., Zero contamination 
level Water) to qualify the analyZer 122, because it is cleaner 
than the UPW being tested. 

[0048] The Zero level changes each time the analyZer 
reagents and standards are replenished, thus this calibration 
must be determined each time the reagents are changed. A 
silica study similar to the aforementioned may then be 
carried out to determine the particular recovery percentage 
of the RO unit and analyZer. The silica study does not need 
to be completed each time reagents are replenished since 
data from similar tests may be used. 

[0049] Once the Zero noise level is established, on-line 
monitoring can then begin by shifting the four-Way selector 
valve 182 to block the How of the Zero stream 184 and alloW 
the How of concentrate stream 116 to the analyZer 122, as 
shoWn in FIG. 10. Preferably, on-line monitoring should be 
performed using a concentration ratio equal to or less than 
20>< for optional results. The indicated level of silica can 
then be entered into the folloWing formula to determine the 
true level of silica: 

[(Silica level as indicated by analyzer)—(analyzer Zero 
reading)]/(analyzer speci?c ef?ciency)/(concentration 
ratio) 

[0050] Thus, the UPW concentrator technique alloWs for a 
method of reliably monitoring silica levels on-line in UPW, 
even level less than 0.1 PPB and With a loWer detection limit 
in the single digit parts per trillion. This Will permit accurate 
on-line monitoring of silica and/or other contaminants to 
more effective monitor UPW systems and make necessary 
adjustments. 

[0051] It is, of course, understood that the UPW concen 
trator technique is not limited to silica. It has also been 
eXtended to other contaminants and other monitored indi 
cators. The technique has been successful With ?uoride, 
chloride, total silica, dissolved silica, boron, as Well as 
resistivity tracking. 
[0052] Having thus described in detail embodiments of the 
present invention, it is understood that the invention de?ned 
by the appended claims is not to be limited by particular 
details set forth in the above description, as many apparent 
variations thereof are possible Without departing from the 
spirit or scope thereof. 
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What is claimed is: 
1. A contamination concentration device, comprising: 

a ?ltering device adapted to receive a feed stream, Which 
contains a contaminant of interest, and separate said 
feed stream into a product stream and a concentrate 
stream, Wherein said concentrate stream contains a 
higher concentration of said contaminant of interest 
than said feed stream; and 

a contaminant analyzer adapted to receive said concen 
trate stream and adapted to analyze the concentration of 
said contaminant of interest in said concentrate stream. 

2. The contamination concentration device of claim 1, 
Wherein said ?ltering device is selected from the group 
consisting of a reverse osmosis device, a nano?ltration 
device, and an ultra?ltration device. 

3. A contaminant analysis method, comprising: 

delivering a feed stream having a contaminant of interest 
to a ?ltering device; 

separating said feed stream into a product stream and a 
concentrate stream With said ?ltering device; 

delivering said concentrate stream to a contaminant ana 

lyZing device; 
determining a concentration of said contaminant of inter 

est Within said concentrate stream With said contami 
nant analyZing device; and 

calculating a concentration of said contaminant of interest 
Within said feed stream. 

4. The method of claim 3, Wherein said delivering said 
feed stream having said contaminant of interest to said 
?ltering device comprises delivering said feed stream having 
said contaminant of interest to a ?ltering device selected 
from the group consisting of a reverse osmosis device, a 
nano?ltration device, and an ultra?ltration device. 
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5. The method of claim 3, Wherein said separating said 
feed stream into said product stream and said concentrate 
stream With said ?ltering device comprises separating said 
feed stream into said product stream and said concentrate 
stream, Wherein a concentration ratio betWeen said feed 
stream and said concentrate stream is equal to or less than 
about 20. 

6. The method of claim 3, further including determining 
a Zero reading for said contaminant analyZing device. 

7. The method of claim 6, Wherein determining said Zero 
reading for said contaminant analyZing device, comprises: 

delivering said feed stream having a contaminant of 
interest to said ?ltering device; 

separating said feed stream into a product stream and a 
concentrate stream With said ?ltering device; 

delivering said product stream to a contaminant analyZing 
device; 

determining an indicated concentration of said contami 
nant of interest Within said product stream With said 
contaminant analyZing device; and 

calculating said Zero reading of said contaminant analyZ 
ing device from said indicated concentration. 

8. The method of claim 6, Wherein calculating said 
concentration of said contaminant of interest Within said 
feed stream comprises calculating said concentration based 
on said concentration of said contaminant of interest Within 
said concentrate stream, said Zero reading of said contami 
nant device, a knoWn speci?c ef?ciency of said contaminant 
analyZing device, and a concentration ratio betWeen said 
concentrate stream and said feed stream. 


