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PREFACE 
The series of manuals on techniques describes procedures for planning and 

executing specialized work in water-resources investigations. The material is 
grouped under major subject headings called books and further subdivided into 
sections and chapters. The unit of publication, the chapter, is limited to a 
narrow field of subject matter. This format permits flexibility in revision and 
publication as the need arises. Section A of Book 5 presents techniques used 
in water analysis. 

Provisional drafts of chapters are distributed to field offices of the U.S. 
Geological Survey for their use. These drafts are subject to revision because of 
experience in use or because of advancement in knowledge, techniques, or 
equipment. After the technique described in a chapter is sufficiently developed, 
the chapter is published and is for sale by the U.S. Geological Survey, 604 
South Pickett Street, Alexandria, VA 22304. 
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METHODS FOR ANALYSIS OF ORGANIC SUBSTANCES IN WATER 

By Donald F. Goerlitz and Eugene Brown 

This manual contains methods used by the U.S. Geo- 
logical Survey for the determination of organic substances 
in water. Procedures are included for the following cate- 
gories of organic substances: Organic carbon, chlorophylls, 
color, detergents, nit,rogen, oils and waxes, oxygen demand 
(chemical), phenolic materials, herbicides, and insecti- 
cides. Procedures are also given for the determination of 
chlorinated hydrocarbon insecticides, as well as chlorinated 
phenoxy acid herbicides, in sediment and bottom materials. 

Introduction 
The yellow or brown color commonly associated 

with natural water is often the result of the de- 
composition of naturally occurring organic matter. 
The most abundant sources of this material in- 
clude decaying vegetation, algae, and microscopic 
organisms. These substances are produced mostly 
on land and during runoff are flushed into the 
water, where complex biological processes con- 
tinue. The role of natural organic substances in 
water processes is not very well understood. 
These compounds are known to aid in transport- 
ing and solubilizing many trace elements and are 
important in weathering. Further, natural or- 
ganic substances interact with both organic and 
inorganic pollutants. 

In addition to organic matter from natural 
sources, increasing amounts are entering water 
as a direct and (or) indirect result of man’s 
activities. Leading sources of this material are 
industrial and domestic waste, agriculture, urban 
runoff, mining, and watercraft. Foaming deter- 
gents have been observed in water supplies. Fish 
kills have been caused by toxic chemicals and 
have been linked to nutrient-induced algae 
blooms, which deplete the dissolved oxygen. 

Because of the myriad of sources from both 
pollution and natural processes, organic matter 
is present in almost all surface and ground waters 
and directly influences the water quality. 

In reviewing water-quality reports, one may 
observe that although color, oxygen consumed 
(chemical oxygen demand), and other criteria for 
the analysis of organic substances are described 
in the introductory remarks, seldom are such data 
included in the tables of the report. These data 
are noticeably absent from past reports because 
such crude measurements did not appear to serve 
any meaningful purpose in explaining most water 
processes. The value of even the most primitive 
measurements of organic substances in water is 
apparent, considering the general awareness of 
man’s effect on the environment and the imple- 
mentation of programs to stem the tide of water 
pollution, lake eutrophication, and similar prob- 
lems. 

The purpose of this manual is to provide direc- 
tions for collection and analysis of water samples 
containing organic substances as required by the 
Geological Survey in making water-quality in- 
vestigations. This manual is an updating and 
cornpositing of the organic analytical methods 
contained in Geological Survey Water-Supply 
Paper 1454, “Methods for Collection and Analysis 
of Water Samples” (Rainwater and Thatcher, 
1960). The intense activity in the field of organic 
analysis is providing new and improved methods, 
and as appropriate methods become available 
they will be added to this manual. All methods as 
written may be subjected to revision from time 
to time. Methods labeled as tentative are as- 
sumed to be adequate but need further testing 
before final acceptance. 
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Part I. Sampling 
Refer to Part I, Chapter Al of Book 5, for 

information on site selection, frequency, field 
safety, and first aid. Before a proper sampling 
program can be initiated, the nature of the 
organic compounds sought must be considered. 
As a general rule, organic compounds having less 
than six carbon atoms are water soluble, whereas 
compounds with more than six carbons are not. 
This generalization must be applied with care, 
however, because the presence of hydroxyl or 
other polar sites on a molecule increases its 
solubility. Even very soluble compounds, how- 
ever, may prefer to reside on organic-layered 
sediment. Further, some insoluble compounds 
may be suspended on the water surface. In sum- 
mary, organic matter in a body of water may be 
distributed on the surface, in suspension, ad- 
sorbed on suspended sediment, in bed materials, 
and (or) in solution. 

Because of this wide and generally unpre- 
dictable distribution of organic material in a 
body of water, the collection of a truly repre- 
sentative sample requires a great deal of care 
and often requires the use of specialized sampling 
equipment. In most instances, samples for 
organic analysis are best collected with the same 
equipment and technique used for the collection 
of samples for suspended-sediment measure- 
ments. The technique and equipment used in 
such measurements have been extensively stud- 
ied, and they are discussed at length in one of a 
series of reports by the Inter-Agency Committee 
on Water Resources (1963) and, more recently, 
in a report by Guy and Norman (1970). When 
more elaborate equipment is not available, a 
simple weighted bottle may often be used for 
sampling wells, lakes, and slow-moving streams 
with little suspended sediment. Other available 
samplers have rubber gaskets and valving ar- 
rangements that may either contaminate the 
sample or remove organics from the water by 
adsorption. Such devices as the DH-48, D-49, 
or the P-46 samplers, which are specially de- 
signed to collect suspended-sediment samples 
from fast-moving streams at water velocity, 
must be modified for organic sample collection. 
Most importantly, all the neoprene gaskets must 
be replaced by inert plastic material, such as 
teflon, and oil must be eliminated from valves. 

Organic substances on the water surface or l 
incorporated in the bed material present very 
difficult sampling problems. Surface films may 
appear chronically or intermittently and most 
often come from accidental spills or seepage. 
Samples taken from the surface of a body of 
water, especially moving water, are aImost im- 
possible to evaluate. Quite often the samples 
must be related to the total volume of water, 
surface area, film area, and film thickness. At 
present, no universally acceptable surface sam- 
plers are available, and investigators are required 
to fabricate their own. Floating hoops or rec- 
tangles covered with clean metal foil which 
delineate an area and allow skimming a surface 
sample from calm water have been used with 
limited success. Other methods for collecting 
films and slicks from surface waters, such as 
“dustpan skimmers,” absorbent cloths, and floor 
mops, have been used, but none have been 
satisfactory for general application. The method 
most often used for describing a problem area 
when surface films are involved is identification 
of the material, locating the source, and then 
estimating the amount entering the water. 

A rational approach to site selection for 
sampling stream bottoms is also difficult. Fortu- 
nately, bed-material samplers are available. 
Ideally, bottom material, including that which is 
moving by saltation, rolling, or otherwise drifting 
along the streambed, should be included. It is 
also desirable to collect the water from the 3 or 
4 inches of flow immediately above the stream 
bottom. This is commonly called the “unsampled 
zone,” because it is not sampled by suspended- 
sediment samplers or most other water-sampling 
devices because of mechanical limitations. 

Bed-material and suspended-sediment samplers 
may be obtained through the Federal Inter- 
Agency Project, U.S. Army Engineer District, 
St. Paul, Minn. One of these is the piston-type 
bed-material hand sampler BMH-53 for shallow 
water, and the other is the BM-54 or BM-60 
bed-material sampler for deeper water. Both of 
these are constructed to prevent sample washout 
when raised to the surface. Bed-material samplers 
to sample at the interface are now under develop- 
ment and should be available soon. 

Most investigations are not concerned with 
surface or bottom material. but rather with that 
within the body of the water. Most of samples are 

a 
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collected from just beneath the surface of the 
stream to as near the bottom as the sampling 
apparatus will allow. Accurate samples are taken 
either by depth integration or at a number of 
points in a transverse cross section. For small 
streams, a depth-integrated sample or a point 
sample taken at a single transverse position 
located at the centroid of flow is usually adequate. 
Larger streams require selrction of several verti- 
cals at centroids of equal flow after careful and 
often extensive measurement. Depth-integrated 
samples may also be taken by the ETR (equal 
transit rate) method, at equally spaced points 
across the stream cross section. In collecting 
these samples, the sampler is lowered and raised 
at each sampling point in the same length of time 
(Guy and Norman, 1970). Lakes are sampled on 
three-dimensional grids consistent with the shape 
and depth of the water body. Wells may bc 
sampled from the pump, provided the oils from 
the mechanism do not contaminate the sample, 
otherwise a bottle sampler should be used. 
Cornpositing samples in the field is not recom- 
mended. Individual samples for cornpositing 
should be taken to the laboratory, where careful 
control can be maintained. Organic sediments 
and soils tend to cling to sample containers, and 
special precaution must bc taken to avoid im- 
proper handling. 

Glass bott,les are the most acceptable con- 
tainers for collecting, transporting, and storing 
samples for organic analysis. Glass appears to be 
inert relative to organic materials and can with- 
stand a rigorous cleaning procedure. Because 
organic materials are so plentiful in the environ- 
ment, it is extremely diflicult to collect samples 
free from extraneous contamination. Apparntus 
for sampling or processing samples must be 
scrupulously clean. Sample bot.tles, espccislly, 
must bc free of contaminating materials, Boston 
round glass bottles of I-liter capacity with 
sloping shoulders and narrow mouths arc satis- 
factory for most applications. The closure should 
be metal, preferably inert, and lined with teflon. 
This plastic is the only organic material that 
should bc allowed t,o contact the sample. 

All sample bottles, whether new or used, must 
be cleaned before collecting organic samples, and 
the following procedure is recommended : After 
washing in hot detergent solution and rinsing in 

B 
warm t,apwater, the bottles are rinsed in dilute 

hydrochloric acid. Following a rinse in distilled 
water, the glass containers are put into an oven 
and heated at 300°C (Celsius) overnight. The 
tcflon cap liners and the metal closures are 
washed in detergent. After rinsing with distilled 
water, the caps are set aside to air-dry. The liners 
arc rinsed in dilute hydrochloric acid and then 
soaked in redistilled acetone for several hours 
and heated at 200°C overnight. When the heat 
treatments are completed, the bottles are removed 
from the oven and capped with the closure and 
teflon liner. The clean bottles are usually stored 
or shipped in a “duo-pnk” container-a form- 
fitting expanded polystyrene case in a corrugntcd 
cardboard carton. 

In actuality, the analysis begins with the 
collection of the sample. The sample must 
represent the body of w&r from which it was 
collected at the time it was taken. The importance 
of the sample to the final result cannot be over- 
emphasized. If possible, an analyst or a person 
directly concerned with the particular study 
should collect the samples. Inexperienced pcr- 
sonncl should never be allowed to collect samples 
unless they arc very closely supervised. If pos- 
sible, the principal investigator should give 
personal instruction on ssmple collection. In all 
instances, detailed printed instructions should 
accompany each set of sample bottles. The sam- 
plc containers should always be sent from the lab- 
oratory dire&y to the person taking the samples 
just before sampling. Extra or spare sample 
bottles should be actively inventoried and remain 
under the control of the laboratory. 

Sample preservation 

Most water samples for organic analysis must 
be protected from degradation. Provisions for 
refrigerating or otherwise preserving the sample 
should be available. Icing is the most ac- 
ceptable method of preserving a sample, but it 
is not always possible. Timing of collection 
should bc arranged so that the sample can reach 
the laboratory in a minimum of time. There is no 
single preservat,ive that may be added to a 
sample for all forms of organic analysis, but each 
sample must be treated according to the analytical 
procedure to be performed. For the determina- 
tions in this manual, the following general methods 
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of sample preservation should be used: the chemical oxygen demand determination. This 0 

Oxygen demand, chemical: Add concentrated 
H2S04 (sp gr 1.84) at a rate of 2 milliliters (ml) 
per liter of sample. 

Carbon, inorganic: Refrigerate at 4°C. 
Carbon, orgwr2ic: Add concentrated HZ04 at a 

rate of 2 ml per liter of sample and refrigerate 
at 4°C. 

ChZoroph.ylls: Refrigerate at 4°C. 
Color: Refrigerate at 4°C. 
Oils and loaxes: Add concentrated H,SO, until 

the pH of the sample is below 3.0. Generally, 5 
ml per liter will be sufficient. 

Surfactants: Refrigerate at 4°C. 
Nitroyen: Add 40 milligrams (mg) of HgCL 

per liter of sample and refrigerate at 4’C. 
Phenolic material: Acidify sample to pH 4.0 

with HIPOJ, add 1.0 gram (g) CuSOI-5Hz0 per 
liter of sample, and refrigerate at 4°C. 

Herbicides: Acidify with concentrated H,SO, 
at a rate of 2 ml per liter of sample and refrigerate 
at 4’C. 

Insecticides: None required for chlorinated 
compounds. 

References 
Guy, H. P., and Norman, V. W., 1970, Field methods for 

the measurement of fluvial sediments: U.S. Geol. 
Survey Techniques Water-Resources Inv., book 3, 
chap. C2, 59 p. 

Rainwater, F. H., and Thatcher, L. L., 1960, Methods 
of collection and analysis of wat.er samples: U.S. Geol. 
Survey Water-Supply Paper 1454, 301 p. 

[U.S.] Inter-Agency Committee on Water Resources, 1963, 
A study of methods used in measurement and analysis 
of sediment loads in streams, in Determination of 
fluvial sediment discharge: Washington, U.S. Govt. 
Printing Office, Rept. 14, 151 p. 

Part II. Analysis of samples 

Carbon, all forms 

The procedure given affords an accurate de- 
termination of carbon in water in solution as 
well as in suspended matter. Both organic and 
inorganic carbon can be selectively measured. 
The organic carbon determination gives a much 
truer measure of the organic matter present in 
aqueous solution and (or) suspension than does 

technique is not hampered by the presence of 
reducing substances or affected by the type of 
organic material being oxidized. It cannot, how- 
ever, be used to replace t.he biological oxygen 
demand determination. 

1. Summary of method 

Using a microsyringe, a fraction of a milliliter 
of sample is injected into a combustion tube 
under a sweep of oxygen gas. All the carbon in 
the sample is converted to carbon dioxide and 
measured by use of a nondispersive infrared 
analyzer (Van Hall and others, 1963). 

2. Application 

Water containing carbon from about 1.0 mg/l 
(milligram per liter) to 1,000 mg/l may be 
analyzed directly. For a more sensitive procedure, 
the analyst is referred to the work of Menzel and 
Vaccaro (1964). Higher carbon concentrations 
must be diluted. Water containing organic 
particulate matter may be analyzed directly 
provided the largest. particle diameter is 6-i the 
syringe needle diameter. Otherwise, the particles 
must be reduced in size by homogenizing or 
blending, and the resulting suspension must be 
fairly uniform and stable. 

Depending on the sample treatment, results 
should be reported as follows: 

2.1 Total carbon: Sample analyzed without 
filtration or acidification. 

2.2 Total organic carbon: Sample analyzed 
without filtration, but acidified and purged with 
inert gas to remove inorganic carbon. 

2.3 Dissolved carbon: Sample analyzed after 
filtration, but without acidification. 

2.4 Dissolved organic carbon: Sample ana- 
lyzed after filtration and acidification and purging 
to remove inorganic carbon. 

In addition to these reporting forms, concen- 
trations of inorganic carbon (dissolved and 
suspended) and suspended carbon (organic and 
inorganic) may be computed by differences from 
the above measurements. 

3. Interferences 

Strongly acidic solutions and some brines 
interfere with this technique by producing 
infrared-absorbing fogs. Very volatile carbon 
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a compounds m:Ly Ix> lost during c:u+on:ltc climimb- Ixlsrlinr bat,wrrn injections. Run duplicntr dc- 
trrmimltions, :it, the Ie:Ist,, for ench st:mdnrd nnd 
plot, thr milligr:lms prr liter rif c:u+on versus pcnk 
bright. mr:lsurcxcl from Ix~srlinc on the rrcordrr. 

6.A.2 Dual-cha~/wl a,lalyter, l3rckm:m Model 
915, or tquiv:blcnt~. 

- 
tion. Tnjcctions in cscess of 0.08 ml rrsult in 
incomplctc coniI)ust.ion owing t,o thr Lrgc volume 
incrr:lsr :issoci:itrtl with thr w:itrr v:qx~riz;btion. 

4. Apparatus 

4.1 C’admaccou~s arral!ytw, I%xkm:m hIodr1 
11.5-A, ;\lodrl 915, or rqlCvnlrnt~. 

4.2 :Ili~~li(er~ s!/r.i~c/~, lOO-~1 (microliter) 
c:lp:bcity with I:qq+orc ncrtllc. 

4.3 :llicr~n~~l/ralio~r al)pnrallLs: ITsc only silver 
mct,:il fiIt.crs h:hving 0.45 pm (micrometer) m:lsi- 
mu111 porr size, obt.:linnI)lc from Scl:~s Flot,ronics. 
Filters should IW hc:ltcd :It 300°C’ overnight to 
rcmovc 0rg:mic ni:lt.tcr. 

5. Reagents 

All rrngrnts must br chrckrd for org:mic con- 
timCn:ltion. 

5.1 C’arbf))tate-bica,bo,,alc st:md:vd solut,ion, 
1.00 ml = 1.00 mg c:irIBon: Dissolvr 3.500 g 
sodium IGxrhon:btr nnd 4.418 g sodium CAT- 
hon:ltr, both dried :it, 105T for 1 hr (hour), in 
c:u+on-fror distillrtl w:itrr :mtl tlilutr to 1,000 ml. 

5.2 H~ytlrwltlor~ic acid, concrntr:lt,ctI (sp gr 
1.19). 

5.3 .V~lrqa0 gas, frrc> of c:irhon clioxidc :mtl 
orgmic impurities. 

5.4 Os!/~/r~t/ gas, frcr of c:u+on tlioxidr :mtl 
org:mic impriritirs. 

5.5 l’olassiunr k~(l,oqerf ptrlhalale st:bnd:ud 
solution, 1.00 ml = 1.00 mg cxhon: Dissolvr 
2.128 g pot:~ssium hydrogen pht,h:d;~tr, primq 
st:tntl:brtl gr:&, which h:ts brrn drircl :It 105°C’ 
for 1 hr, in cxhon-frrc distillrd w:ltcxr :mtl dilut,r 
to 1,000 ml. 

6. Procedure 

6.A It~struwc~~t sfat/rla~rtizatio,t 
6.A.l Si,r~&cha,tUez a/tal!/zets, Beckm:m 

Motlcl 115-A, or rquivnlcnt. 
6.A.J.l Prrp:irc :I srrirs of st:lnd:brtls 

cont,:kining 5, 10, 20, 40, 60, :mtl 80 mg/l of 
c:u+on by dilution of thr pot:esium hydrogrn 
phth:Wa st:mtl:ud stock solution. 

6.A.1.2 Succrssivrly introduce 20-~1 s:Lm- 
plcs of the 20-mg/l st:tnd:~rtl into the c:irbonn- 
crous nn:$-zer until t.he rcsnonsc is rrtxoduciblc. 

3 Allow t.1~; recorder to return t,o t,hc origin,zl 

6.A.2.1 Prrp:lrc :I st.:mtl:vd curve for t,hr 
orgnnic carbon ch:mnrl of thr :mnlyzrr ns in step 
6.A.l :Lbovr. 

6.A.2.2 Prcpnrc :I st:md:ird curvr for the 
inorg:mic chnnnrl of the :m:+yzrr, using the s:n-nc 
trchniqur, by injrct,ion of st:mtl,zrds prcpnrrd by 
dilution of the c:lrbon:lt,c-I,ic:lrbon:Lt,r stock stnnd- 
3rd. 

6.13 A nabysis of samples 
6.1S.l Sim-Je-chan~~el analyzer 

6.B.l.l Drprnding on how the results tlrc 
to Ix reported, the snmple may be fi1tcrc.d and 
(or) ncidificd. If the s:lmplc is to Ix filtered 
t,hrough thr met:kl mcmbranc filtrr, the filtrntion 
must hc done hcforc :bcidificntion. Only enough 
filt,rntr for the dctrrminxtion nerd bc collcctcd. 

6.B.1.2 Adjust1 the pH of thr s:mplc to 2 
or 1)&w, using concrnt,r:~t,cd hydrochloric acid, 
:tntl slowly Imhblr nitrogen g:~s through thr solu- 
tion for 3-5 min (minutes) to purge carbon 
cliosidr. 

6.B.1.3 Mix the s:unplc wrll. Inject 20-80 
~1 of the s:unplr int,o the combustion tubr, using 
the s:imr t,rchniqur :LS for tho stnnd:~rds. ltrcord 
thr pc:lk hc~ightn from :tt Ic:lst two drtcrmimrtions 
for exh s:unplc. 

6.R.1.4 Prep:ux! :I hlnnk from c:vbon-frer 
(list illcd w:lt,rr nnd nll t,hr rrngrnts nsed, nnd 
;tn:blyzr thr Wink :LS the s:rmplc. If morr t.hnn 
1 percent, of s:Llts is present in the snmplr, the 
hlnnk should hc prcp:lrcd simil:trly. 

6.13.2 Ikd-chat/?/e1 alralyzer 
6.13.2.1 Drprnding on whothrr results nre 

drsirrtl for tot,:&1 or dissolved cnrbon, the sample 
mng Ix injected untrcntrd, or filtered through 
thr 0.45-pm silver filter, hut trot ncidificd. 

6.n.2.2 M:lko duplicntc 20-~1 inj&ions of 
r:lch s:lmplr into c:lch chxnnel of the :hnnlyzcr, 
using thr snme technique :ts in the prrparntion of 
thr st:tndnrd curves. 

7. Calculations 

7.A Siq$e-chartlIe analpel 
7.A.l Concrntmtions of carbon, in milli- 

grnms per liter, :trc ol)t:Gncd tlirectly from np- 
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propriate standard curves, depending on the 
sample treatment used. 

7.B Dual-channel analyzer 
7.B.l Concentrations of inorganic and in- 

organic-plus-organic carbon, in milligrams per 
liter, in each sample are obtained from the 
appropriate standard curves. 

7.B.2 By difference, compute the concentra- 
t,ion of organic carbon, in milligrams per liter. 
When this difference is small and the determined 
values are large, results should be verified. This 
may be done by injecting an acidified, nitrogen- 
purged sample into the high-temperature furnace 
to obtain a direct measure of organic carbon. 

8. Report 

Carbon concentrations are reported as follows: 
Less than 10 mg/l, one significant figure; 10 
mg/l and above, two significant figures. 

9. Precision 

No precision data are available, but results 
are believed reproducible within fl mg/l at 
the lOO-mg/l level. 
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Chlorophylls 

The concentrations of photosynthetic pig- 
ments in natural waters vary with time and with 
changing aquatic conditions. Chlorophyll a, b, 
and c concentrations are used to estimate the 
biomass and the photosynthetic capacity of 
phytoplankton. Ratios between t,he different 
forms of chlorophyll are thought to indicate the 
taxonomic composition or the physiological state 
of the algal community. 

Extractive spectrophotometric method 

1. Summary of method 

Individual chlorophylls are determined simul- 
taneously without elaborate separation. The 
sample is filtered, and the cells retained on the 
filter are mechanically disrupted to facilitate 
extraction of pigments into a solvent composed of 
90 percent acetone and 10 percent water (volume 
per volume). The concentrations of chlorophylls 
are calculated from measurements of absorbance 
of the extract at 4 wavelengths, corrected for the 
go-percent acetone blank. 

2. Application 

The method is suitable for all natural waters. 
The volume of water filtered should contain less 
than 10 pg (micrograms) chlorophyll a. (SW 
step 6.1.) 

3. Interferences 

Large amounts of inorganic sediment in the 
sample may clog the filter. Erroneously high 
values may result from the presence of fragments 
of tree leaves or other terrestrial plant material. 

The presence of phaeopigments, the decom- 
position products of chlorophyll, results in over- 
estimates of chlorophylls (Yentsch, 1965, 1969; 
Lorenzen, 1965, 1967). 

4. Appomtus 

4.1 Filtratio,) equipment: Filter holder as- 
sembly, Millipore XX63 001 20, or equivalent, 
and a source of vacuum. 

4.2 Glass pestle-type tissue II omqfen Get* 
(grinder), 15-ml capacity, Corning 7725, or 
equivalent. Motor drive with low-torque clutch 
to operate at about 500 rpm (revolutions per 
minute). 

4.3 nle&r.a,re jilter, Milliporc HAWP 047 00 
type, HA 0.45~pm mean pore size, white, plain, 
47-mm (millimeter) diameter, or equiv:tlcnt. 

4.4 Swing-out centrifuye, 4,000-5,000 gravity, 
with stoppered 15-ml graduated centrifuge tubas. 

Saveguard centrifuge, Model CT-l 140, or cquiv- 
nlent. 

4.5 Spectropfrotometer (Beckman Model DU, 
or equivalent), with a bandwidth of 3 nm (na- 
nometers) or less, allowing absorbance t,o bc read 
to fO.OO1 units. Use cells with a light-path of from 
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1 to 10 cm (centimeters). If only chlorophyll a is 
determined, instruments with interference filters 
with not more than 5-10 nm (Beckman Model 
R, or equivalent) half-bandwidth may be used. 

4.6 Vacuwn-pressure pu?llp, Milliporr 
XX60 000 00, or equivalent. 

greater than 0.8.) If the 750-nm reading is 
greater than O.O05/cm light-path, reduce the 
turbidity as mentioned in step 6.8. 

7. Calculations 

Subtract the absorbance at 750 nm from the 
absorbance at 663, 645, and 630 nm. Divide the 
difference by the light-path of the cells, in centi- 
meters. The concentrations of chlorophylls in the 
extract, as lg/ml (micrograms per milliliter), are 
given by the following equations: 

chlorophyll a, in rg/ml 
= 11.64c~~-2.16e36,5+0.10e~0 

chlorophyll b, in pg/ml 
= -3.94c~d-20.97ee46-3.66e630 

chlorophyll c, in pg/ml 
= -5.53cw- 14.81ec,5+54.22e6,0 

where : 

5. Reagents 

5.1 Acetone solution : To 900 ml acetone, add 
100 ml distilled water. 

5.2 Maynesiwn carDonate, powdered. 

6. Procedure 

6.1 Collect a sample of water which con- 
tains less than 10 ~g, and preferably about 1 pg, 
of chlorophyll a. A sample of 0.5-1.0 liter may be 
adequate for fresh or cstusrinc waters; 4-5 liters 
of ocean water may be required. Samples must be 
refrigerated at 4°C until t,ime of analysis. 

6.2 Cover the surface of a 0.45-pm membrane 
filter with finely powdered MgCQ, using about, 
10 mg/cm* of filt,er area (ahout 170 mg for the 
47-mm-diameter filter). 

6.3 Filter the sample at no more than two- 
thirds atm (atmosphere). 

6.4 Fold the filter with the plankton on the 
inside and proceed immediately with the extmc- 
tion and measurement steps. If the sample must 
be stored, dry the filter in a silica gel desiccator 
in the dark at, 1°C or less. Dry ice is recommended 
for storing samples in the field. 

6.5 Place the filter in a glass homogenizer. 
Add 2 to 3 ml acetone solution. Grind 1 min 
(minute) at about 500 rpm. 

6.6 Transfer to a graduated centrifuge tube 
nnd wash the pestle and homogenizer two or 
t.hree times with acetone solution. Adjust the 
total volume to some convenient value, such as 
5 or 10 ml fO.l ml. Keep 10 min in the dark at 
room tcmprrat,ure. 

6.7 Centrifuge for 10 min at 4,000 to 5,000 
gravity. 

6.8 Carefully pour or pipet the supernatant 
into the spectrophotomet.er cell. Do not disturb 
the precipitate. If extract is turbid, try to clear 
by adding a little loo-percent acetone or distilled 
water, or by reccntrifuging. 

6.9 Read the absorbance at 750, 663, 645, 
and 630 nm against an acetone-solution blank. 
(Dilute with acetone solution if the absorbance is 

absorbance at. 663 nm 
-absorbance at 750 nm 

e663 = - 
light-path, in cm , 

absorbance at 645 nm 
-absorbance at 750 nm 

fh15= 
light-path, in cm , 

absorbance at 630 nm 
-absorbance at 750 nm 

emo= I__ 
light-path, in cm , 

chlorophyll a, in pg/l 
= chlorophyll a in pg/ml 

X 
extract volume, in ml 

sample volume, in liters 

8. Report 

Report chlorophyll concentrations as follows: 
Less than 1.0 lug/l (micrograms per liter), one 
decimal; 1.0 pg/l and above, two significant 
figures. 

9. Precision 

The precision of chlorophyll determinations is 
influenced by the volume of water filtered, the 
range of chlorophyll values encountered, the 
volume of extraction solvent, and the light-path 
of the spectrophotometer cells. 
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The precision for chlorophyll a determination 
at the 5-pg level was reported to be f5 percent 
in one study (Strickland and Parsons, 1960). The 
UNESCO (1966) report recommended that pre- 
cision be determined by each analyst. 
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Color 

The color of water as considered herein is that 
due only to substances in solution. Color in water 
may be of natural mineral, animal, or vegetable 
origin. It may be caused by metallic substances, 
humus material, peat, algae, weeds, or protozoa. 
Industrial wastes may also color water. Color 
may range from zero to several hundred units. 

In domestic water, any noticeable color is un- 
desirable. Color-imparting solutes may dull clothes 
or stain food and fixtures. The U.S. Public Health 
Service (1962) stated that the color shall not ex- 
ceed 15 units in drinking and culinary water on 
carriers subject to Federal quarantine regula- 
tions. Color is undesirable in water for many 
industries, particularly food processing, launder- 
ing, ice manufacturing, bottled beverage, photo- 
graphic, and textile (California St,ate Water 
Quality Control Board, 1963). 

Comparison method 

1. Summary of method 

The color of t,he water is compared with that 
of colored glass disks which have been calibrated 
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to correspond to the platinum-cobalt scale of l 
Hazen (1892). The unit of color is that produced 
by 1 mg of platinum per liter. A small amount of 
cobalt is added to aid in color matching. The 
Hazen scale is satisfactory for most waters, but 
the hues and shades of some waters may not 
easily be compared with standards. If the hue of 
the water does not compare with that of the 
standard, there is very’litt,le that can be done, 
other than to visually compare the optical densi- 
ties of the sample and standard. Highly colored 
waters should not be diluted more than necessary 
because the color of the diluted sample often is 
not proportional to t,he dilution. The colored 
glass disks should be recalibrated at frequent 
intervals against platinum-cobalt standards, as 
their color may fade with time. 

2. Application 

This method may be used to measure the color 
of samples whose colors reasonably match the 
Hazen scale and which contain no excessive 
amount of suspended ‘matter. 

3. Interferences 

Turbidity generalI\ causes the observed color 
to be higher than the-true color, but there is some 
disagreement as to the magnitude of the effect of 
turbidity. The removal of turbidity is a recurrent 
problem in the determination of color. Color is 
removed by adsorption on suspended material. 
Filtration of samples to remove turbidity fre- 
quently removes some of the color-imparting 
solutes, possibly by adsorption on the sediments 
or on the filter medium. Centrifuging is preferable 
to filtration and is the only recommended method 
for the removal of suspended matter. 

4. Apparatus 

Color co))lpa,*ato,, with standard color disks 
covering the range O--500 color units. 

5. Reagents 

None. 

6. Procedure 

6.1 Remove turbidity by cemrifuging the 
sample. 

6.2 Fill one instrument tube with the sample 
of water, level t.he tube, insert the glass plug, 
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making sure that no air bubbles arc trapped, nnd 
insert the tube into the comparator. 

6.3 Use distilled or dcminrralized water in 
the second tube as a blank. 

6.4 The color comparison is made by re- 
volving the disk until t.hc colors of the two tubes 

match. 

7. Calculations 

The color is read directly from ‘the matching 
color standard, and the proper dilut,ion fact,or is 
applied. 

8. Report 

Report color as follows: 

9. Precision 

Bccausc of the many complicating fact,ors in- 
volvecl, the mrasurrmmt of color is not a precise 
clct~ermination. No stxtcments on the repro- 
ducibilit,y of t,hc tests cm be made. 
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Extractable organic matter 

Oils and waxes 

Oils and waxes in natural waters most likeI> 
come from vegetation and aquatic life. Oils or 
fats and waxes frotn plants and animals are, for 
the most part, of t,he cstrr type-.thnt is, the 
combination of an alcohol with an organic acid. 
Petroleum oils and tars, othcrwisc known as 
mineral oils, arc almost exclusively hydrocarbon 
in composition. Pctrolcum oils, on occasion, can 
enter the water from n:rtural seeps but most often 

B result from industrial pollution and accidental 

spills (Dept. of Interior, Office of Secretary, 
1968). Most oils are insoluble in water but may 
be dispcrsrd by natural and waste chemicals such 
as soaps and detergents. Ester-type compounds 
can hydrolyze to become soluble, form soaps, and 
further aid dispersion of the insoluble material. 
Oils, greases, fats, and waxes can severely damage 
wnt,cr quality by (1) producing a visible film on 
the surface, (2) imparting an odor to the water 
and causing a noxious taste, (3) coating the banks 
and bottoms of the water body by adsorbing on 
srdiment, and (4) clestroying aquatic life (Federal 
Water Pollution Cont,rol Administration, 1968). 

1. Summary of method 

Oils and waxes are removed from the water by 
extraction with organic solvents and are detcr- 
mined gravimctrically. This method is similar in 
principle to that found in “Standard Methods,” 
12th edition (Am. Public Health Assoc., 1965). 
For characterization, and for volatile substances, 
the analyst is referred to the papers by Kawnhara 
(1969) and Maehler and Grernber (1968). 

2. Application 

The extraction method is applicable to the 
analysis of waters containing oil, fat, grease, wax, 
and other solvent-soluble substances. 

3. Interferences 

Organic solvents vary considerably in their 
abilit,y to dissolve not only oily substances but 
other organic matter as well. The es&-type oils 
and waxes may be decomposed to alcohols and 
acids or soaps. Glycerine, the alcohol from animal 
or vegetable fats and oils which are known as 
triglycerides, defies extraction by this technique. 
Soaps must be acidified to release the organic 
part of the molecule. Storage of the sample must 
be avoided because many oils arc utilized by 
micro-organistis. Volatile compounds (boiling 
point <lOO”C) cannot be accurately determined 
by this method. 

4. Apparatus 

4.1 Kudema-Danish concentration apparatus, 
250-ml capacity. Use an ungraduated receiver and 
a l-ball Snyder column. 

4.2 Separatory fu!r?reZ, l-liter capacity, with 
unlubricated glass or teflon stopcock. 
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5. Reagents 

5.1 Chloroform, boiling range 61”-62”C, dis- 
tilled in glass. 

5.2 Petroleum ether, boiling range 30°-6O”C, 
distilled in glass. 

5.3 Sodium sulfate, anhydrous, ACS re- 
agent, granular. 

5.4 SuZj~ric acid, 1: 1 solution: Mix a volume 
of sulfuric acid (sp gr 1.84) with an equal volume 
of distilled water. 

6. Procedure 

Surface samples must be taken with great care. 
(See p. 2.) The relationship of the affected sur- 
face to the body of water should be well docu- 
mented. A complete written description of the 
sampling technique should be made for future 
reference. Samples of the water beneath the 
surface should be collected according to t,he 
recommended practice for organic samples. Usu- 
ally l-liter samples are sufficient for subsurface 
sampling. 

6.1 Weigh the water and sample container 
with the cap removed. Pour the sample into the 
separatory funnel. Weigh the drained sample 
bottle and record the weight of the sample to 
three significant figures. (If an oil separation is 
observed, the weight of water may be obtained 
after a preliminary petroleum ether extraction 
before acidification.) 

6.2 Rinse the sample bottle wit,h 15 ml of 
petroleum ether and pour the washings into the 
separatory funnel. Rinse the sample bottle again 
with another 15 ml of petroleum ether and pour 
the washings into the separatory funnel. 

6.3 Acidify the sample by the addition of 
5.0 ml of 1: 1 HzS04 per liter of sample. 

6.4 Shake the separatory funnel vigorously 
for l-2 min, stopping to vent the pressure after 
the first few shakes. Allow the layers to separate 
for about 10 min. Draw off the water layer into 
the sample container and pour the solvent into 
R 125-ml erlenmeyer flask containing about 0.5 g 
anhydrous sodium sulfate. Difficult emulsions 
may be broken by shaking the funnel vigorously 
after most of the water has been withdrawn. 
Beware of excessive pressure buildup in the 
funnel at this step. 

6.5 Pour the sample back into the separatory 
funnel. Rinse the sample bottle with 15 ml of 

chloroform and add the washings to the separatory 
funnel. Pour an additional 15 ml of chloroform 
into the separatory funnel and shake l-2 min. 
Allow the layers to separate. Collect the chloro- 
form layer in the 125-ml erlenmeyer flask con- 
taining the petroleum ether extract. 

6.6 Filter the extract through a plug of ex- 
tracted glass wool into a Kuderna-Danish ap- 
paratus fitted with a tared (including a small 
boiling stone) receiver tube. Use liberal washings 
of petroleum ether to complete the transfer. 

6.7 Remove the solvent by distillation on a 
steam bath and take nearly to dryness. As the 
last of the solvent is vaporizing, remove the 
apparatus from the heat and allow the vapor to 
condense and wash down the sides of the flask. 
After cooling, remove the receiver and volatilize 
the last of the solvent with a gentle stream of air 
or nitrogen gas. 

6.8 Wipe the sides of the receiver tube with 
a moist tissue and allow to dry in the room for 
30 min. Place the receiver in a desiccator for 30 
min and then determine the weight of the sample. 

7. Calculations 

The concentration of material in the sample is 
calculated as follows: 

Extractable organic matter (mg/l) 

A-B 
= -y x1,000, 

where 

A = tobal weight (receivcr+cxtract), in grams, 
B = receiver tare, in grams, and 
C = water sample volume, in liters. 

The amount of material found in a surface sample 
may be related to an affected area provided the 
film is uniform. The weight of material per 
square meter of surface may be calculated as 
follows : 

Extractable organic matter (mg/m2) = i XB, 

where 

A = area sampled, in square meters (m2), and 
B= weight of extracted material, in milli- 

grams. 
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l 8. Report 

Concentrations of extractable organic matter 
are reported to two significant figures for values 
in excess of 10 mg/l, or to the nearest, whole 
milligram. 

9. Precision 

The precision between samples depends upon 
the homogeneity of the dispersion and the 
volatility of the material. Duplicate results vary- 
ing less than 5 percent from the mean have been 
obtained on prepared samples. Results from 
poorly dispersed material and surface film 
samples vary greatly. 
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Methylene blue active substances 

Synthetic anionic detergents 

Methylene hluc active substances (MBAS), 
synthetic det,ergents or surfact,ants, occur in 
natural waters almost exclusively as a result of 
pollution. Detergents in natural water can 
drastically alter the normal regimen. As surface- 
active agents, they disrupt the stability at the 
interface between water and other substances. 
In the presence of surfactants, normally insoluble 
organic compounds may be dispersed, and the 
function of vital membranes of aquatic organisms 
may be altered. Because they are water soluble, 
detergents can disperse toxic organic compounds 

B 

normally incorporated in bottom muds, adsorbed 

on sediment, or floating on the surface. In addi- 
tion to acting synergistically to compound pollu- 
tion problems, some detergents a.re toxic to 
certain aquatic life. According to the report of 
the Federal Water Pollution Control Adminis- 
tration (1968) levels of LAS (linear alkylate 
sulfonates) exceeding 0.2 mg/l may be harmful 
to aquatic life. 

Three types of surface-active agents are in 
general use.‘They are classified by their chemical 
characteristics as anionic or cationic, indicating 
the charge of the active ions, and as nonionic 
hydrophilic organic compounds. Fortunately, 
anionic detergents react with cationic detergents 
to precipitate. Production of anionic detergents 
has greatly exceeded the other two, and, conse- 
quently, greater amounts of anionic detergents 
may be expected in waste water. Owing to this 
excess, cationic detergents are almost always 
effectively precipitated and seldom appear in 
solution in sewage treatment facilities. Synthetic 
nonionic detergents, alkyl or aryl polyols, have 
not caused much concern because their use has 
been limited principnlly to industrial applications 
and as a minor additive in household detergents 
for foam control. 

Until 1965, ABS (alkyl benzene sulfonates) 
anionic detergents were the most, common 
surfactants on the market. Because ABS resist 
biological degradation, they arc not easily re- 
moved by waste treatment and were often found 
in water supplies, even drinking water. Since 
then, LAS (linear alkyl sulfonates), for the most 
part, have replaced ABS in detergent formulation 
because LAS surfactants are biodegradable and 
may be removed from waste water by ordinary 
treatment. 

Both ABS and LAS are methylene blue active 
substances but are not ident,ical in color produc- 
tion for spect’rophotometric determination. Owing 
to this, methylene blue active substances are 
measured in units relative to an ABS st,andard. 

1. Summary of method 

Methylene blue reacts with anionic surfactants, 
both ABS and LAS, to form a blue-colored dye 
complex, The complex is extracted in chloroform, 
and the methylene blue active substances are de- 
termined spectrophotometrically. This method is 
similar in substance to “Standard Methods,” 12th 
edition (Am. Public Health Assoc., 1965). 
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2. Application 

This method is applicable to the analysis of 
waters containing 0.025-100 mg/l MBAS (meth- 
ylene blue active substances relative to ABS 
standard). 

3. interferences 

Phenols, proteins, and inorganic chlorides, 
cyanates, nitrates, and thiocyanates will complex 
methylene blue and give positive interference in 
the determination. With ABS concentrations 
from 0.0 to 1.0 mg/l, tests have shown no inter- 
ference from the following individual constituent,s: 
10 mg/l NO*, 25 mg/l NOI, 5 mg/l phenol, and 
1 mg/l H&. Organic compounds having amine 
groups cause low results. 

4. Apparatus 

4.1 Separatory funnels, 500-ml, unlubricated 
glass or teflon stopcock. 

4.2 Spectrophotometer, Beckman Model B, or 
equivalent. 

With this instrument the following conditions 
have been used: 

Wavelength- _ _ _ _ __________________ 635 nm. 
Cells c_____________________________ 10 mm. 
Phototube-- _ _ _ _ _ _ _ _ _ ___ _ _ __ __ _ _ _ _ _ Red-sensXve. 
Initial sensitivity setting- _ _ _ __ _ _ _ _ - _ 2. 
Slitwidth ______________________ -__ 0.2mm. 
Blank_____~_______________________ CHCls. 

With these operating conditions, the following 
absorbances have been observed : 

MBAS (as d&S) 

(ms) 

Absorbance 

O.Ol- _ _ _______________________ 0.052 
.02__~~~~_._~~~~__~~_________ .150 
.05------------------.---...- .438 

.lo____________-____---~.---- .870 

5. Reagents 

5.1 Chlorojo~,~, spectrophotometric grade. 
5.2 Deleryetlt (ABS) standard solution I: 

Dissolve 1.030 g 97.1-percent-purity ABS powder 
(obtained from Association American Soap and 
Glycerine Producers, Inc., 295 Madison Ave., 
New York, N. Y. 10010, and dried over H2SOJ 
for 1 week) in 500 ml distilled water in a l,OOO-ml 
volumetric flask with gentle swirling. Allow the 
foam to break and dilute to volume. Refrigerate 
during storage. 

5.3 Deteryed standard solution II, 1.00 
ml =O.OlO mg ABS: Dilute 10.0 ml detergent 
standard solution I to 1,000 ml. Prepare fresh 
weekly. 

5.4 Methylene blue reagent: Dissolve 0.35 g 
methylene blue in 0.01-V sulfuric acid and dilute 
to 1,000 ml with same. 

5.5 Sulfuric acid solution, 5s: Mix 245 ml 
concentrated H,SO+ (sp gr 1.84) in 500 ml water 
and, after c’ooling, di1ut.e t,o 1,000 ml. 

6. Procedure 

Samples should be collected according to the 
recommended practice for organic analysis. Usu- 
ally a l-liter sample is adequate. LAS detergents 
are biodegradable; therefore samples should be 
analyzed as soon as possible after collection. All 
glassware should be rinsed with dilute hydro- 
chloric acid after washing. As a further precau- 
tion, sample bottles, separatory funnels, and 
beakers may be heat treated at 300°C overnight 
to remove organic matt,er. 

6.1 Measure a volume of sample containing 
less than 0.10 mg MBAS and not to exceed 100 
ml into separatory funnel. Dilute to 100 ml if 
necessary. Prepare a blank and detergent stand- 
ards in the same manner. 

6.2 Adjust the pH of the sample to near 
neutral if necessary. To the sample, blank, and 
standard solution, add 1.0 ml 5,V H2SOI, mix, 
then add 5.0 ml methylene blue solution. Mix 
thoroughly. 

6.3 Add 25.0 ml chloroform and shake the 
content,s of the separatory funnel for 1 min. 
Allow the layers to separate. 

6.4 Drain t,he lower chloroform layer through 
a layer of absorbent cotton contained in a small 
filt,ering funnel into l.O-cm cells and measure the 
absorbance of the sample and st,andnrds against 
the blank at a wavelength of 655 nm. 

7. Calculations 

Determine the amount of detergent contained 
in the sample, minus the blank, from the standard 
curve. Calculate the amount of MBAS in the 
sample using the following equation : 

MBAS (relative to ABS standard) mg/l 

mg MBAS 
= ___- x1,000 

ml sample 
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8. Report 
- 

Report synthetic anionic detergents conccntra- 
tions as follows: Less than 1 mg/l, two decimals; 
greater than 1 mg!l, two significant, figures. 

9. Precision 

Deviation of +lO percent may be rxpcctcd in 
the range of l-5 mg/l in surface water. 
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Nitrogen, ammonia 

Ammonia nitrogen includes nitrogen in the 
forms of NH, and NH,+l. As a component of the 
nitrogen cycle, it is often present in water, but 
usually in only small amounts. Ammonia is used 
in some water-treat.mcnt processes. More than 
0.1 mg/l usually indicates organic pollution 
(Rudolph, 1931). 

There is no evidence that ammonia nitrogen in 
water is physiologically significant to man or 
livestock. Fish, however, cannot tolerate large 
quantities. The toxicity to fish is directly related 
to the amount of free ammonia in solution; hence, 
the toxicity is dependent on the pH of the water. 
Ammonia decreases the ability of hemoglobin to 
combine with oxygen, and the fish suffocate. Al- 
though the tolerances of fish differ, 2.5 ml/l of 
ammonia nitrogen is considered harmful in the 
7.4-8.5 pH range (Ellis and others, 1948). 

The low concentrations of ammonia in natural 
waters are of lit& industrial significance, except 
that ammonium salts are destructive to concrete. 

Distillation method 

1. Summary of method 

The sample is buffered to a pH of 9.5 to mini- 
mize hydrolysis of organic nitrogen compounds. 

3 
Ammonia is distilled from the buffered solution, 

and an aliquot of the distillate is then Nesslerized. 
Essentially, Ncsslerization is the reaction between 
potassium mercuric iodide and ammonia which 
forms :I red-brown complex of mercuric ammono- 
basic iodide : 

HgI,.2KI+NH,-+Hg(NH$+2KI+HI. 

Concentrations of ammonia are then determined 
by standard spectrophotometric measurements. 
Altcrnat,ively, the distil1at.e may be titrated with 
standard sulfuric acid solution. 

Additional information on the principle of the 
determination is given by Kolthoff and Sandell 
(1952, p. 633) and by Blaedel and Meloche (1963). 

2. Application 

This method is recommended for analysis of 
samples containing less than 2 mg of ammonia 
and ammonium ion per liter. Higher concentra- 
tions may be determined by the alternate titra- 
tion procedure provided. 

3. Interferences 

Calcium, magnesium, iron, and sulfide interfere 
with the Nesslerization, but the interference of 
t,he metals is eliminat,ed by the distillation, and 
sulfide can be precipitated in the distillation flask 
with a little lead carbonate. 

Some organic compounds may distill over with 
the ammonia and form colors with Nessler re- 
agent which cannot be satisfactorily read with 
the spectrophotometer. Under such conditions, 
the sample should be distilled into H3B03 and 
Ctrated with standard H2S04. 

4. Apparatus 

4.1 Kjelrlahl distillation apparatus, l,OOO-ml 
flasks. 

4.2 ISpecl~ooilololl,eler, Beckman Model B, or 
equivalent. 

With this instrument, t,he following operating 
conditions have been used: 

Wavelength- _ - _ _ ___ - __ .___ 425 nm. 
Cells_-_ _____ ______-______ 40 mm. 
Phototube ____ _-_ _ _____ _ __. Blue-sensitive. 
Initial sensitivit,y sett,ing_ _ _ _ 1. 
Slit width- _ _ ______________ 0.3 mm. 
Blank--- _______ - _____ _ ____ Ammoni&free water 

plus reagents. 
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With these operating condit,ions, the following 
absorbances have been observed : 

0.02~- ______ -- _______ - _________ 0.24 
.04___-____------~-~~--~----~- .47 
.06________--~---.~~--~---~.-- .70 
.1O~~~-~-~~~~--~~~~-~-~--~~~~. 1.16 

5. Reagents 

5.1 Ar,~nlo~~iu,~~ d/lode standard solution I, 
1.00 ml = 1.00 mg N: Dissolve 3.819 g NH&l, 
dried overnight over sulfuric acid, in ammonia- 
free water and dilute to 1,000 ml. 

5.2 A~)z~)lo)li~nz chloride standard solution II, 
1.00 ml=O.OlO mg N: Dilute 10.00 ml ammonium 
chloride standard solution I to 1,000 ml with 
ammonia-free wat,er. Prepare fresh. 

5.3 Borate buffer solution: Dissolve 9.54 g 
SazBJ07. lOH*O in ammonia-free water. Adjust, 
t,he pH to 9.5 with 111 NaOH (approx 15 ml) 
and dilute to 1 liter with ammonia-free water. 

5.4 Boric acid solution: Dissolve 20 g H,BO, 
in ammonia-free water and dilute to 1 liter. 

5.5 Methyl red idicator solution: Dissolve 
0.1 g methyl red indicator in 100 ml ethanol. 

5.6 SessZel* reagent (CAUTION: Hg12 is a 
deadly poison, and the reagent must be so 
marked): Dissolve 100 g HgI, and 70 g KI in a 
small volume of ammonia-frbe water. Add this 
mixture slowly, with stirring, to a cooled solution 
of 160 g NaOH in 500 ml ammonia-free water and 
dilute to 1 liter. Allow the reagent to stand at 
least overnight, and filter through a fritted-glass 
crucible. 

5.7 Sorliur,~ carborlate solution, 0.0357:\-: Dis- 
solve 1.892 g primary standard NarCOa in carbon 
dioxide free water and dilute to 1,000 ml. 

5.8 S’odiuw /lydrOJ’ide solution, 1:11: Dissolve 
10 g NnOH in ammonia-free water and dilute to 
1 liter. 

5.9 Sul&r.ic acid stantlartl solution, 0.0357-V, 
1.00 ml = 0.5 mg S : Mix 1.3 ml concentrated 
HZSOI (sp gr 1.84) with tlemincralizetl water and 
dilute to 950 ml before standardization. Stnnd- 
ardize by titrating 25.0 ml 0.0357.\- i\‘&‘(& to 
pH 4.5. 

6. Procedure 

If acid has been :~dtletl to the sample as :I 
preservative at the time of collection, this must 

be neutralized with NaOH solution before pro- 
ceeding with the analysis. All glassware should 
be rinsed with ammonia-free water, prepared by 
passing distilled water through a mixed-bed ion- 
exchange resin. 

6.1 Free the distillation apparatus of am- 
monia by boiling ammonia-free water until the 
distillate shows no trace using Nessler reagent 
(CAUTION : Deadly poison). 

6.2 Measure a volume of sample containing 
less than 1.0 mg ammonia nitrogen (500 ml 
maximum) into a 600-ml beaker, and adjust the 
volume to approximately 500 ml with ammonia- 
free water. 

6.3 Add 25 ml borate buffer solution and 
adjust the pH to 9.5 with 11l NaOH, if necessary. 

6.4 Immediately transfer the solution into 
the distillation flask and distill at a rate of 6-10 
ml per minute; catch the distillate in a 500-ml 
volumetric flask containing 50 ml boric acid 
solution. The tip of the delivery tube must be 
below the surface of the boric acid. 

6.5 Collect approximately 250 ml of dis- 
tillate, dilute to 500 ml with ammonia-free 
water, and mix. 

6.6.A Sesslerizatio~t. procedure 
6.6.A.l Pipet an aliquot of distillate contain- 

ing less than 0.1 mg ammonia nitrogen (50.00 ml 
maximum) into a graduate, and adjust the volume 
to 50.0 ml with ammonia-free water. 

6.6.A.2 Prepare a blank of ammonia-free 
water and sufficient standards. Add 5 ml boric 
acid solution to each, and adjust the volumes to 
50.0 ml. 

6.6.A.3 Add 1.0 ml Nessler reagent (CAU- 
TION: Deadly poison), and mix. 

6.6.A.4 Allow the solutions to stand at least 
10 min, but not over 30 min. 

6.6.A.5 Determine absorbance of test sample 
and standards :igainst the blank. 

6.6.B l’itratio~l procedure 
6.6.B.l To the distillate, and an xmmonia- 

free water blank containing the same volume of 
H3BOs, add 3 drops methyl red indicator solution, 
:tnd titrate with sulfuric acid standard solution. 

7. Calculations 

7.A .\vessleyizalio,r procedure 
7.A.l Determine mg N in aliquot from :I plot 

of absorbances of standartls. 
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7.A.2 Ammonia nitrogen as N, in mg/l 

1,000 500 = 
ml sample 

X 
ml aliquot 

Xmg N in aliquot. 

7.B Titratioll procedure 
7.B.l Ammonia nitrogen as N, in mg/l 

v, XNaX 14,000 = 
TT , 
V8 

where 

v, =ml standard H&%1? used in titration of 
sample minus ml used to titrate blank, 

&V, = normality of standard H*SO,, and 
V, = ml of original sample used for distillation. 

7.C Ammonia nitrogen as NH,+‘, in mg/l= 
mg/l as NX 1.288. Ammonia nitrogen as free 
NH,, in mg/l = mg/l as NX 1.216. 

8. Report 

Report ammonia nitrogen concentrations as 
follows: Less than 1 mg/l, two decimals; 1 mg/l 
and above, two significant figures. 

9. Precision 

No precision data are available. 
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Nitrogen, nitrate 

Nitrate is usually the most prevalent form of 
nitrogen in water because it is the end product 
of the aerobic decomposition of organic nitrogen. 
Nitrate from natural sources is attributed to the 
oxidation of nitrogen of the air by bacteria and 
to the decomposition of organic material in the 
soil. Fertilizers may add nitrate directly to water 
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resources. Nitrate concentrations range from a 

few t,enths to several hundred milligrams per 
liter, but in unpolluted water they seldom exceed 
10 mg/l. Nitrate and chloride are major compo- 
nents of human and animal wastes, and abnor- 
mally high concentrations of both suggest 
pollution. 

Cyanosis due to methemoglobinemia may 
occur in infants whose drinking or formula water 
contains a high concentration of nitrates. The 
nitrates, when ingested, arc converted to nitrites 
in the digestive system of some infants. The 
nitrite ion oxidizes hemoglobin to met,hemoglobin 
and thereby causes cyanosis. It is widely recom- 
mended that water containing more than lo-20 
mgjl of nitrabe nitrogen should not be used in 
infant feeding (Comly, 1945). 

Nitrates in large amounts are injurious to the 
dyeing of wool and silk and are undesirable in 
fermentation processes (California State Water 
&unlit,y Control Board, 1963). At least 2 mg/l of 
nitrate prevents intercrystalline cracking of steel 
in steam boilers. 

Brucine method 

1. Summary of method 

The reaction between the alkaloid, brucine, 
and nitrate in acid medium produces a yellow 
color that may be measured by standard spectro- 
photometric procedures. Close attention must be 
given to procedural technique if accuracy and 
precision are to be obtained. The procedure is 
similar to that of *Jenkins and Medsker (1964). 

2. Application 

This method may be applied to essent,ially 
colorless water containing up to 5.0 mg of nitrate 
per liter. Any significant amount of color should 
be removed. Samples containing higher concen- 
trations must be diluted. 

3. Interferences 

Organic color, nitrite ion, and all strong 
oxidizing and reducing agents interfere. The 
interference by residual chlorine up to 5 mg/l 
may be eliminated by addition of sodium arsenite, 
and interference of up to 1 mg/l of nitrite elimi- 
nated by use of sulfanilic acid. The interference 
by chloride is effectively masked by the addition 
of a large amount of chloride ion to the reaction 
mixture. 
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4. Apparatus 

4.1 Water bath, boiling. 
4.2 Spectroph,otomete~, Beckman Model B, or 

equivalent. 
With this instrument, the following operating 

conditions have been used: 

Wavelength- _ _ _____ ____________ 410 nm. 
Cells .______________ ____________ 23 mm. 
Phototube __________ _____ ___ ___ Blue-sensitive. 
Initial sensitivity seti,ing- _ _ __ _ _ _ 2. 
Slit widt,h (approximate) _ _ - _ _ _ _ _ _ 0.10 mm. 

With these operating conditions, the following 
absorbances have been observed : 

NO2 
(ml?) 

.Ibsorbn,rre 

0.005__~-~_-----~--~---~~-~--- 0.115 
.olo__---_~--------~-~-~-~-~- .220 
.020_--.--------------------- .440 
.030__________--__-~---~-~-~- .640 
.040-_---_-_----------------- 2300 
.050________~~-----~-~---~-~- .950 

5. Reagents 

5.1 Brucitte-sul~uttilic acid reagent: Dissolve 
1 g brucine sulfate (CAUTION: Very poisonous) 
and 0.1 g sulfanilic acid in 70 ml hot demineralized 
water. Add 3 ml concentrated HCl (sp gr 1.19), 
cool, and dilute to 100 ml. This solution is stable 
for several months. The pink color that develops 
does not affect its usefulness. 

5.2 Nitrate st,anclard solution I, 1.00 ml = 1.00 
mg NOI: Dissolve 1.631 g KNOs, dried overnight 
over concentrated HzSO,, in demineralized water 
and dilute to 1,000 ml. 

5.3 Sit&e st:lndnrd solution II, 1.00 ml = 
0.010 mg NOo: Dilute 10.0 ml nit,ratc st,andnrd 
solution I to 1,000 ml with demineralized water. 

5.4 Sodiuttt chloride solution: Dissolve 300 g 
NaCl in 1 liter demineralized water. 

5.5 Sulfwic acid, 29s: Add 500 ml concen- 
trated H2S0, (sp gr 1.84) to 125 ml dcmineralizcd 
water. 

6. Procedure 

6.1 Pipet a volume of sample cont.aining less 
than 0.05 mg NO, (10.0 ml maximum) into :I 
23-mm absorption cell and dilute to 10.0 ml. 

6.2 Prepare a demineralized-water blank 
and sufficient standards and adjust the volume 
of each to 10.0 ml. 

6.3 Add 2.0 ml sodium 
and mix well by swirling. 

6.4 Place the absorption 
water bath (15”-20°C) and 

chloride solution, 

tubes into a cold- 
add 10.0 ml 29N 

H2SOJ. Mix well by swirling, return to cold-water 
bath, and allow the contents of the tubes to cool 
to water-bat,h temperature. 

6.5 Add 0.5 ml brucine-sulfnnilic acid solu- 
tion and mix thoroughly. 

NOTE.--If a deep-pink color forms immediate11 
upon addition of the brucine-sulfanilic acid re- 
agent, it is an indicat,ion of a high nitrat,e con- 
centration--exceeding the range of the method. 
Such sample aliquots must be discarded at this 
point and the samples reanalyzed, using a smaller 
aliquot. 

6.6 Remove the rack of tubes from the cold- 
wat,er bath and place in a boiling-water bath for 
20 min. The water bath must be sufficiently large 
so that, boiling does not cease when the tubes are 
placed in it.. This step is critical. All tubes must 
he heated uniformly. 

6.7 Remove the tubes from the boiling-water 
bath and immerse them in the cold-water bath. 
Allow to cool before proceeding. This inhibitIs any 
further color change. The cold-water bath must 
he sufficicnt1.v large to cool all tubes uniformly. 
Circulation of w:tt,er in the bath is desirable. 

6.8 Determine the absorbance of the sample 
and standards against, the blank within 1 hr. 

7. Calculations 

7.1 Determine the mg NO, in the sample 
from a plot of absor1~;mcc.s of standards. 

1,000 
7.2 SO3 in mg/l= --__- 

ml sample 
Xmg NO8 in 

sample. 
7.3 To convert SO3 to N. nrult,iply by 0.2259. 

8. Report 

ILcport K-O3 conccntr:lt,ions :LS follows: Less 
th:Ln 10 mg/l, ontl decimal; 10 mg/l and :Lbovc, 
two sijinificant figures. 

9. Precision 

Single-l;il)or:ltor\ analysis of t,wo test, samples 
rcsultctl in mean values of 0.9 and 2.9 mg/l, and 
standard tleviations of 0.09 and 0.11 mg/l, 
respectively. 
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Reduction method 2. Application 

Samples containing more than 30 mg/l of 
NO,-* may be analyzed by reduction using 
Devarda’s alloy, distillation of the resulting 
NH3, and t,itration with standard H$O, solution. 
Details of the procedure are given by Blaedel 
and Meloche (1963) and by Kolthoff and Sandell 
(1952). For high concentrations of nitrate, the 
method yields result,s which arc comparable in 
accuracy to those obtained by t,he brucine method. 
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Nitrogen, nitrite 

Nitrite is unstable in the presence of oxygen 
and is, therefore, absent or present in onl\ 
minute quantities in most, natural waters under 
aerobic conditions. The presence of nitrite in 
water is sometimes an indication of organic 
pollution. 

Recommended tolerances of nitsrite in domestic 
water supplies differ widely. A generally accepted 
limit is 2 mg/l, but as little as 0.1 mg/l has been 
proposed (California State Water Quality Control 
Board, 1963). Nitrite is undesirable in water used 
in dyeing wool and silk and in hrcwing. 

Diazotization method 

1. Summary of method 

Nitrite is tliazotizcd with sulfanilamidr, and 
the resulting dinzo compound is coupled with 
I-n:tphthylethylenediamine dihydrochloride to 
form an intensely colored red dye (Rider and 
Mellon, 1945). The absorbance of the dye is 
proportional to the amount of nitrite present 
(Fishman and others, 1964). 

This method may be applied to samples con- 
taining less than 4 mg nitrite per liter. Samples 
containing higher concentrations must first be 
diluted. 

3. Interferences 

None of the substances commofily occurring in 
natural water interferes with this method. 

4. Apparatus 

Sl,ect,‘ophotomete~, Beckman Model B, or 
quivalent. 

With this instrument, the following operating 
conditions ha.ve been used: 

Wavelength- _ _ - - _ -_ _ __ _ __ ___ _ __ 535 nm. 
Cells __________--_______________ 10 mm. 
Phot’otube- _ _ ___ _ _ ______ - _ _ _ __ _ _ Blue-sensitive. 
Init.ial sensitivity setting- _ _ ___ ___ 2. 
Slit width_ __________________.__ 0.08 mm. 

With these operating conditions, the following 
:Ibsorbances have been observed. 

NO* 

(me) 
Absorbance 

5. Reagents 

5.1 F01~ic acid, 87-90 percent. 
5.2 I-,raphfh,ylethylenediamine dihydrochloride 

solution : Dissolve 0.5 g l-naphthylethylene- 
dinmine dihydrochloride in 100 ml demineralized 
water. Store in refrigerator. 

5.3 Sit rite standard solution I, 1 .OO ml = 1 .OO 
mg NO,: Dissolve 1.850 KNO, in demineralized 
water and dilute to 1,000 ml. 

5.4 Nitrite standard solution II, 1.00 ml= 
0.010 mg NOz: Dilute 10.0 ml nitrite standard 
solution I to 1,000 ml with demineralized water. 

5.5 Sulfanilamide solution: Dissolve 0.5 g 
sulfanilamide in 100 ml demineralized water. 

6. Procedure 

6.1 Pipet a volume of sample containing less 
than 0.20 mg NO* (50.0 ml maximum) into a 
loo-ml volumetric flask and adjust the volume 
to 50 ml with demineralized water. 
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6.2 In a similar manner, prepare a blank and 
sufficient standards containing 0.00-0.20 mg 
NO*, and adjust t#he volume of each to 50 ml 
with demineralized water. Place in ice bath and 
allow to cool for about 2 min. 

6.3 Add successively, while in the ice bath, 
and mixing thoroughly after each addition: 1.0 
ml sulfanilamide solution, 4.0 ml formic acid, 
and 1.0 ml 1-naphthylethylenediamine dihydro- 
chloride solution. 

6.4 Remove the flasks from the ice bath and 
allow at, least 15 min for maximum color devclop- 
ment. Adjust each to exact volume with de- 
mineralized water. Mix thoroughly and measure 
the absorbance of samples and st,andards against 
the blank. 

7. Calculations 

7.1 Determine the mg NO2 in the test 
samples from a plot of absorbances of standards. 

7.2 NO, in mg/l= 
1,000 

ml nliquot 
Xmg X0, in 

sample. 
7.3 To convert r\‘02 to S, multiply by 0.3043. 

8. Report 

Report x02 concentrations as follows: Less 
than I.0 mg/l, two decimals; I.0 mg/l and above, 
two significant figures. 

9. Precision 

So precision data are available. 
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Nitrogen, organic 

Organic nitrogen includes all nitrogenous or- 
ganic compounds, such as amino acid, poly- 
peptides, and proteins. It is present naturally in 
all surface waters as the result of inflow of nitroge- 
nous products from the watershed and the normal 
biological life of the stream. Effluents of sewage 

and waste from slaughter houses and chemical 
plants often contain nitrogen in varying com- 
binations. Organic nitrogen in unpolluted ground 
water is usually very low. 

Organic nitrogen is not pathologically signifi- 
cant but is sometimes an indication of pollution. 
Organic nit,rogen is important to considerations 
involving aquatic biology. 

Kjeldahl method 

1. Summary of method 

Organic nitrogen is degraded t,o t,he ammonium 
ion by digest,ion with sulfuric acid in the presence 
of copper sulfate, which acts as a catalyst. The 
solution is made alkaline with sodium hydroxide, 
and the free ammonia is distilled off and Nessler- 
ized. The color developed is proportional t,o the 
organic nitrogen content. 

Additional information on the principle of the 
determination is given by Kolthoff and Sandell 
(1952, p. 537). 

2. Application 

This method may be applied to most natural 
water containing less than 2 mg of nitrogen per 
liter. Higher concentrat,ions must be reduced by 
dilution. 

3. Interference. 

Nitrate and nit,rite do not interfere. The effect 
of ammonium ions and ammonia is strictly 
additive. Therefore, the organic nitrogen is 
normally determined on the residue of the am- 
monia nitrogen determination. 

Calcium, magnesium, iron, and sulfide interfere 
with the Nesslerization, but the interference of 
the metals is eliminated by the distillation. 
Sulfides interfere and must be precipitated in the 
distillation flask with a little lead carbonate be- 
fore addition of sodium hydroxide. 

Some organic compounds may distill over with 
the ammonia and form colors with Nessler rc- 
agent which cannot be satisfactorily read with 
the spectrophotometer. Under such condit,ions, 
the sample should be distilled into H,BOs and 
titrated with standard H&O,. 

4. Apparatus 

4.1 Kjelrlaltl rlistillalim apparatus, 1 ,OOO-ml 
flasks. 
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4.2 Spectrophotonzele~, Beckman Model B, or 
equivalent. 

-With this instrument, the following operating 
conditions have been used: 

Wavelength- __.__. ._- ______ 425 nm. 
Cells- ____________ -- ______ 40 mm. 
Phototube ____ ________ _.___ Blue-sensitive. 
Blank .___ - ___.__ _ ___ _ __ -_- Ammonia-free water 

plus reagents. 
Initial sensit,ivity setting- _ _ _ 1. 
Slit width (approximate) - _ _. 0.3 mm. 

With these operating conditions, the following 
absorbances have been observed : 

N .4 bsorbance 
(WJ) 

0.02._~.~.__~~~__.__~~~-~-~~~~- 0.24 
.04 .._---___--._._____ -_-_-___ .47 
.06 ____________._____ __._ -__- .70 
.lO_._---_____._-.__~-~.~-~~-~ 1.16 

5. Reagents 

5.1 A7777770niu777 chloride standard solution I, 
1.00 ml=l.OO mg N: Dissolve 3.819 g NH&Zl, 
dried overnight over sulfuric acid, in ammonin- 
free water and dilute to 1,000 ml. 

5.2 Annnoniu,n chloride standard solution II, 
1.00 ml =O.OlO mg N: Dilute 10.00 ml NH&l 
standard solution I to 1,000 ml with ammonia- 
free water. Prepare fresh. 

5.3 Borate buffer solution: Dissolve 9.54 g 
l\ia2B407* lOH,O in ammonia-free water. Adjust 
the pH to 9.5 with 1Jf NaOH (npprox 15 ml) and 
dilute to 1 liter with ammonia-free water. 

5.4 Boric acid solution: Dissolve 20 g H3B03 
m ammonia-free water and dilute to 1 liter. 

5.5 Copper suuute solution: Dissolve 10 g 
CuSO,.5H20 in ammonia-free water and dilute 
to 100 ml. 

5.6 Sessler reagent (CAUTION: Hg12 is a 
deadly poison, and the reagent must be so 
marked): Dissolve 100 g HgIz and 70 g KI in a 
small volume of ammonia-free water. Add this 
mixture slowly, with stirring, t,o a cooled solution 
of 160 g NaOH in 500 ml ammonia-free water and 
dilute to 1 liter. Allow the reagent to st,and at 
least overnight and filter through a fritted-glass 
crucible. 

5.7 Sodium hyclroside solution, 10s: Dis- 
solve 400 g NaOH in ammonia-free water and 
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dilute to 1 liter. 

5.8 Sulfuric acid, conccnt,rat,ed (sp gr 1.84). 

6. Procedure 

All glassware should be rinsed with ammonia- 
free water. 

6.1 Free the distillation apparatus of am- 
monia by boiling ammonia-free water until the 
distillate shows no trace using Nessler reagent 
(CAUTION : Deadly poison). 

6.2 The residue from the ammonia nitrogen 
determination may be used for t,his determination. 
Alternatively, buffer a volume of sample contain- 
ing less than 1.0 mg organic nitrogen (500.0 ml 
maximum) to pH 9.5 with borat,e buffer solution 
and evaporate to approximately 20 percent, of 
original volume to drive off ammonia. 

6.3 Cool; add 10 ml concentrated H.SO, and 
1 ml CuSO, solution. 

6.4 Digest under a hood until copious fumes 
are given off and the liquid becomes colorless or 
pale yellow. 

6.5 Cool and dilute to approximately 300 ml 
with ammonia-free water. 

6.6 Add 50 ml 10-V NaOH cautiously down 
the side of the flask. 

6.7 Immediately connect, the flask to the 
distillation apparatus, and cautiously mix the 
contents by swirling gently. 

6.8 Distill at a rate of no more than 10 ml 
nor less than 6 ml per minute; catch the distillate 
in a 500-ml volumetric flask containing 50 ml 
boric acid solution. The tip of t,he delivery tube 
must be below the surface of t&he boric acid. 

6.9 Collect approximately 250 ml dist,illate, 
dilute to 500 ml with ammonia-free water, and 
mix. 

6.9.A Sesslerizatio~z procedure. Proceed as 
directed in “Nitrogen, Ammonia,” steps 6.6.A.l- 
6.6.A.5. 

6.9.B Titratiol~ pr.0cecZur.e. Proceed as directed 
in “Nitrogen, Ammonia,” step 6.6.B.l. 

7. Calculations 

7.A Sesslerizatio,l procedure 
7.A.l Determine a reagent blank for each new 

batch of H&O, by taking 300 ml ammonia-free 
water through the entire procedure: 

mg reagent blank = mg N per 10 ml H2S04 

X 
ml aliquot 

ml dist.illate ’ 



20 TECHKIQUES OF WATER-RESOURCES INVESTIGATIONS 

7.A.2 Determine the mg S in the diquot 
from :b plot, of :bhsorb:mces of st.:bntlards. 

7.A.3 
Organic nitrogen :bs N, in mg/l 

1,000 500 = -X-7 
ml snmple ml aliquot 

x [(mg N in nliquot) - (mg rc:bgent bhbnk)]. 
7.B ?‘itratior~ procedure 

7.B.l Ammonia nitrogen :bs N, in ma/l 

II,, x A’,, x 14,000 
= - I’, ) 

where 

I,‘,z =ml st,:bnd:brd Hz801 used in t,itrntion of 
sample minus ml used to titr:btt bhbnk, 

-Y,, = normality of st:bntl:brtl H&I,, :bnd 
I’, = ml of originnl s:bmplc used for clistillntion. 

7.C Ammonin nitrogen :bs XH,+*! in mg/l= 
mg,/l :bs N X 1.288. 

Ammonia nit,rogen :bs free S H,, in mg;/l = 
mg/l as XX 1.216. 

8. Report 

Report organic nitrogen conccntr:btions :Is 
follows: Less t,hnn 1.0 mgjl, two decimals; 
1 mg/l and :bhove, two significant figures. 

9. Precision 

No precision d:btib :bre :bv:bil:bhle. 

Reference 

Kolthoff, I. M., and Snndell, 15. IL, I!)52, Texlbook of 
qwntitalive inorgnnic amdysih [M ed.1: New York, 
;\I:xmillarl Co., 759 p. 

Oxygen demand, chemical (COD) 
The oxygen-cIrm:bntl dctermimbt ion is ;b mc:bsure 

of the rczbclily oxitlixbldr matcri:tl in t,hr w:btcr, ;bntl 
it furnishes :bn npproxim:bt,ion of t.hc minimmbl 
:bmount of 0rg:bnic :bntl reclucing m:bteri:bl present. 
In rc:blit,y, t.he term “chrmicd osygcn clem:bncl” 
is tlcfinetl 1)~ t.hr methotl used for its dctcrmin:b- 
tion. In the method given I~elow it is tlcfinctl :bs 
the :bmount of oxygen usccl t)y the s:bmplc when 
rcfluscd 2 hr with an excess of :bcitl-pot.:lssirlllb 
tlichrom:btc solution. The cletcrminetl v:bluc m:b~ 
corrol:btc wit,11 n:btur:bl-w:bter color or with c:br- 

honaccous organic pollution from sewage or in- 
dust rid w:bstcs. 

Kormd, unpolluted river w:bters grncr:blly have 
:I COD from :bhout 10 to 30 mg/l; mildly polluted 
river waters, 25 to 50 ma/l; :bncl domestic sewage 
about 230 mg/l (Ii. C. Kroncr, writt,en commun., 
1970). 

Tolertbnces for oxygen-tlem:bntl v:blurs in feed 
water for low- nncl high-pressure boilers :bre 1.5 :bnd 
3 mg/l, respectively. W:bsh water containing more 
than 8 mg/l has been reported to impart :I Ixbd 
odor to testilcs; conccntr:btions for w:bter used in 
bever:bgcs :bncl Ixewing range from 0.5 to 5.0 
mgjl ((‘alifornia St:btr \V:btrr Qu:blity Control 
Bo:brd, 1963). 

Dichromote oxidation method 

1. Summary of method 

Org:bnic :tntl other osidizbtdc m:btcri:bl is osi- 
tlizrd 1,~ r&using with st:mdartl :bcicl-tlichrom:btr 
solution in the presence of silver sulf:btc c:bt,:blyst. 
The csccss tlichrom:btc is titratccl wit,h stantl:brtl 
ferrous :bmmonium sdf:btc, using orthophrmbn- 
throline ferrous complrs :bs indicator (American 
Society for Testing :bntl -\I:btcrids, 1968). 

2. Application 

This mrthotl can II{> iiwtl for an:blysis of nat~rwal 

w;btcrs :bntl industrial w:bstrs contibining less thbn 

2,000 mgil chloride ion :bntl more than 50 mg/l 
chrmic:bl oxygen tlem:bntl ((:()I)). S:brnplcs con- 
taining less th:bn this :bmount shoultl ~JC :bn:blyzed 
:ts tlirrctctl in step 6.9. (IO11 v:blurs for w:bters 
cont:bining more th:bn 2,000 mg/l of chloritlr ion 
shoultl i~r corrcdctl as intlic:~tetl in step 6.10. 

3. Interferences 

1Ictlucing sulJst:bncrs such :bs ferrous iron :lntl 
chloritlrs interfere since they :bre ositlizcd. 
(‘hloricles constitute l)y f:br the hbrgcst antl most 
common interference, IJring qu:bntit:tt,ively osi- 
clizrtl l)y tlichrom:bte in :bcitl solution. One mg/l 
(‘1-l is cquiv:blcnt to 0.226 mg/l (JOI). To rlimi- 
n:btc chloritlc interference, mercuric su1fat.c is 
:~tltlctl to the s:bmple to form :I soliil~l~ mcrcilric 
chloritle comples. 

(‘are slio~iltl 1)~ t:bken to prevent, heating of the 
sample tlliring ;btltlition of rc:bgents to minimixe 
loss of vol:btile constituents. 
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4. Apparatus 

4.1 Rej1u.r apparatus consisting of a 500-ml 
erlennitycr flask and water-cooled condenser, 
with ground-glass joints and made of hent- 
resistant glass. 

4.2 Hot plate or heating mantle. 

5. Reagents 

5.1 Fert*ous u~~lo~iun~ sulfate standard solu- 
tion, 0.2500.\-: Dissolve 98.0 g FcSO@HJ?SO~~ 
6H& in dcminrralized wnter. Add 20 ml concen- 
trated H?SO,, cool, and dilute to 1 liter. To 
standardize, dilut,c 25.0 ml standard 0.2500.\- 
K,Cr,O, solution to 250 ml. Add 20 ml concen- 
tr:Ltrd HtSO, and cool. Titrate with the ferrous 
ammonium sulfate solution, using 8-10 drops 
Fcrroin indicator. The solution must be stand- 
ardized daily, or before use. 

5.2 :llercurk sulfate, powdered H&SO,. 
5.3 Ot~/ho~t/tertattt/rt~olitte ferrous sulfate (Fe/,- 

roitt) itdicalor solution: Dissolve 1.48 g 1, lo- 
(ortho)-phennnt,hroline monohydrate and 0.70 g 
F&O,. 7H20 in 100 ml of mntcr. The prepared 
indicator is avail:bble commercially. 

5.4 l’olnssiuw rlicltromale standard solution, 
0.25OO.Y: Dissolve 12.259 g K&r207 primar) 
standard, dried for 2 hr at, lOO”C, in clemineralized 
water and dilute to 1,000 ml. 

5.5 Siluer sulfate, powder. 
5.6 SuQ”uric ccid, concentrated (sp gr 1.84). 

6. Procedure 

6.1 Pipet 50.0 ml of sample or a smaller 
aliquot diluted to 50.0 ml into the rcflus flask 
and add slowly, over a period of 2--3 min, 1 g 
HgSO,; allow to stand 5 min, swirling frequently. 

6.2 Add 1 g Ag$OA and n few glass beads 
that have been ignited at 600°C for 1 hr. 

6.3 Cool in ice water and add 75 ml concen- 
trated H+XII, slowly enough, with mixing, to 
prcscnt appreciable solution heating with the 
consequent, loss of volatile constituents. 

6.4 Add 25.0 ml 0.2500s K?Cr107 solution 
and mix thoroughly by swirling. 

6.5 Attach flask to condenser, start water 
flow, and rcflux for 2 hr. 

N0T~.-1f contents are not well mixed, super- 
heat)ing may result, and the contents of the flask 
may be blown out of the open end of the con- 
denser. 

6.6 Allow flask to cool, and WX+ down con- 
denser with 25 ml mater. 

6.7 Dilute to 300 ml with demineralized 
mater, cool to room trmperaturc, and titrate the 
excess dichromate with 0.2500X ferrous am- 
monium sulfate solution, using 8-10 drops Ferroin 
indicat,or solut,ion. The end point is a sharp 
change from blue green to reddish brown. 

6.8 A demineralized-water blank is carried 
through all steps of the procedure with each group 
of samples. 

6.9 Samples containing less than 50.0 mg/l 
COD should be reanalyzed, using 0.025:V solu- 
tions of potassium dichromate and ferrous 
ammonium sulfate. A sample size should be 
selected so that no more than half the dichromate 
is reduced. A further increase in sensitivity may 
be obtained by evaporating a larger sample to 
150 ml in the presence of all reagents. A blank 
should be treated in a similar manner. 

6.10 To obtain more accurate COD values 
for samples containing more than 2,000 mg/l of 
chloride ion, the following procedure may be used 
(Burns and Marshall, 1965). -4 series of chloride 
solutions arc analyzed by the procedure indicated 
above, except t,hat 10 mg of HgSO, is added to 
each solution for each milligram of chloride ion 
present instead of a constant l-g quantity. The 
chloride concentrations should range from 2,000 
mg/l to 20,000 mg/l, with the concentration 
interval not exceeding 4,000 mg/l. Plot the COD 
values obtained versus milligrams per liter 
chloride. From this curve, COD values may be 
obtained for any desired chloride conccntmtion. 
This value is subtract~ctl as a correction factor to 
obtain the COD value of a sample. 

7. Calculations 

Calculate the COD in each sample as follows: 

7.1 For samples not requiring chloride cor- 
rection : 

COD, in mg/l= 
(a-b)cX8,000 ; 

ml sample 

7.2 For samples requiring chloride correction: 

COD, in mg/l= (a--b)cX8,000 
ml sample 1 -tlX1 2. * 2 



22 TECHNIQUES OF WATER-RESOURCES INVESTIGATIONS 

where : 

COD=chemical oxygen demand from di- 
chromate, 

a=ml ferrous ammonium sulfate for 
blank, 

b= ml ferrous ammonium sulfate for 
sample, 

c = normality ferrous ammonium sulfate, 
d = chloride correction value from graph 

of chloride concentration versus COD, 
and 

1.20 = empirical compensation factor. 

8. Report 

Report COD as follows: Less than 10 mg/l, 
whole numbers; 10 mg/l and above, two signifi- 
cant figures. 

9. Precision 

No precision data are available. The general 
precision of COD determinations has been re- 
viewed by the Analytical Reference Service of t,hc 
U.S. Public Health Service (1965). 
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Phenolic material 
Phenolic material in water resources is usually 

a result of pollution from oil refineries, coke 
plants, and from chemical manufacture. Mixed 
phenolic wastes at 0.02-0.15 mg/l levels in water 
cause tainting of fish flesh. Low concentrst,ions of 
phenol impart n very disagreeable taste to drink- 
ing water. Reported thresholds of taste and odor 
range from 0.01 t,o 0.1 pg/l. Chlorination products 
an even more disagreeable taste and odor by rc- 
acting with the phenols to form chlorophenols. 
Concentrations of phrnolic material up to 1,000 
pg/l are not belicvctl toxic to animals, but 5.0 

pg/l is harmful to many fish (Federal Water 
Pollution Control Administration, 1968). 

1. Summary of method 

The st,eam-distillable phenols react, with 4-ami- 
noantipyrine at pH lO.Of0.2 in the presence of 
potassium ferricyanide to form a colored anti- 
pyrine dye. This dye is extracted from aqueous 
solution with chloroform, and the absorbance is 
measured at a wavelengt,h of 460 nm. The con- 
centration of phenolic compounds is expressed as 
micrograms per liter of phenol (CsH50H). This 
method is similar in principle to, but different in 
detail from, AST1\1 Method D 1783-62 (1969, p. 
515-521). 

2. Application 

This method may be used to analyze waters 
containing from 0.0 to 1,000 pg/l of phenolic 
material. 

3. Interferences 

Other phenolic compounds, as determined by 
this method, may product less color than an 
equivalent amount of phenol itself. The introduc- 
tion of substituent groups to the benzene nucleus 
of phenol lowers the sensitivity of the particular 
compound to color formation. The composition of 
various phenolic compounds which may be present 
in a given water sample is unpredictable. Phenol 
itself, therefore, has been selected as the standard 
for reference. Using this basis, the amount of 
phenol determined represents the minimum con- 
centration of phcnolic compounds present in the 
sample. 

Certain bacteria, oxidizing and reducing sub- 
stances, and highly alkaline waste waters may 
interfere with this method. Information for re- 
moval of major interference may be found in 
ASTM Method D 1783-62 (1969, p. 515-521). 

4. Apparatus 

4.1 Ihstdlatio~r apparatus, all glass, consisting 
of :I l-liter Pyrex distilling apparatus and a 
water-cooled condmser. 

4.2 Fu,l,lels, Buchncr type with fritted-glass 
disk (15-ml Corning 36060, or equivalent). 

4.3 Photometer, spcctrophotomctcr or filter 
photometer suitable for USC at :I wavelength 
setting to 460 nm, and accornmotlnting cells 
having light paths of 1.0 and 10 cm. 
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4.4 pH meter, glass electrode. 
4.5 Separatoq fu,r,reZs, l-liter capacity, 

Squibb type, with unlubricated glass or teflon 
stopcock. 

5. Reagents 

All reagents must be prepared with phenol-free 
distilled water. De-ionized water is usually not 
satisfactory. 

5.1 Aminoaatipyritre solution: Dissolve 2.0 g 
4-aminoantipyrine in distilled water and dilute to 
100 ml. This solution is not stable for storage and 
should be prepared each day of use. 

5.2 Am,monium ch~lorirle solution: Dissolve 
20 g of reagent-grade ammonium chloride in 
water and dilute to 1 liter. 

5.3 Ammonium hydroxide, concentrated (sp 
gr 0.90), ACS reagent grade. 

5.4 Chloroform, spectrophotometric grade. 
5.5 Copper sulfate solution: Dissolve 100 g of 

CuS0~*5H20 in water and dilute to 1 liter. 
5.6 Phenol standard solution, 1.00 ml = 1.00 

mg phenol: Dissolve 1.00 g analytical reagent 
phenol in 1,000 ml freshly boiled and cooled dis- 
tilled water. Solution may be used for up to 1 
month. 

5.7 Phosphoric acid solution: Dilute 10 ml 
85-percent H,P04 to 100 ml with distilled water. 

5.8 Potassium ferricga,lirle solution: Dissolve 
8.0 g &Fe(CN)e in water, dilute to 100 ml, and 
filter. This solution is not, stable and should be 
prepared each day of use. 

5.9 Sodiunl sulfate, anhydrorls, ACS reagent 
grade, granular. 

6. Procedure 

Samples should be collected according to the 
recommended practice for organic samples. Sam- 
ples must be preserved with 10 ml of copper 
sulfate a.nd 2 ml of phosphoric acid solution. A 
sealed glass ampoule of the preservative, with 
instructions, should accompany t,he sample con- 
tainer. A l-liter sample should be collected for 
each analysis. Samples should be protected from 
light and analyzed as soon as possible. The 
analyst is referred to “Standard Methods,” 12th 
edition (Am. Public He&h Assoc., 1965), for 
the analysis of very alkaline or highly polluted 
water. 

6.1 Measure 500 ml of the sample into a 

I) 
beaker. Determine the pH ant1 :tdjust below 4.0 

if necessary. (Add 5.0 ml of copper sulfate solu- 
tion if for any reason it was not added at sam- 
pling.) Transfer the solution to the distillation 
apparatus, add boiling stones, ancl set for dis- 
t,illat,ion. Collect 450 ml of distillate and stop. Add 
50 ml of distilled water to the residue and proceed 
with the dist,illation until 500 ml of distillate is 
collected. , 

6.2 Prepare a 500-ml distilled-water blank. 
Also prepare 500-ml standards containing 5, 10, 
20,30,40, and 50 rg of phenol, using the standard 
phenol solution. 

6.3 Treat the sample, blank, and standards 
as follows: Add 10.00 ml ammonium chloride solu- 
tion and adjust the pH to lO.Of0.2 with concen- 
trated ammonium hydroxide. Transfer the solu- 
tion to a l-liter separatory funnel, add 3.00 ml of 
aminoantipyrine solution, mix, add 3.00 ml of 
potassium ferricyanide solution, and again mix. 
Allow the color to develop for 3 min, and a clear 
to light-yellow solution should result. 

6.4 Add 25.0 ml chloroform for l- and 5-cm 
cells and 50.0 ml for lo-cm cells. Shake the 
separatory funnel vigorously for 1 min. Allow the 
layers to separate and repeat the shaking. 

6.5 After the layers have separated, draw off 
the lower chloroform layer and filter through a 
5-g layer of sodium sulfate, using the sintered 
glass funnel, directly into the appropriate ab- 
sorption cell. Avoid working in a draft to reduce 
evaporation of the solvent. 

6.6 Measure the absorbance of the sample 
and standards against the blank at a wavelength 
of 460 nm. Prepare a calibration curve plotting 
absorbance against micrograms of phenol. 

7. Calculations 

where 

Phenol (pg/l) = $ X 1,000, 

A = pg phenol measured, and 
B = ml of the original sample used. 

8. Report 

Report phenolic material concentration for less 
than 100 Mg/l to the nearest whole microgram, and 
greater than 100 pg/l to two significant figures. 

9. Precision 

Precision at 5 mg/l for phenol only is f5 per- 
cent but is variable for other phenolic materials. 
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Because of interferences and hecause‘it is only a 
relative measure, the result should he considered 
as a minimum value. 
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Pesticides-Gas chromatographic 
analysis 

The term “pesticide” encompasses a broad 
class of toxicants used to cont.rol insects, mitts, 
fungi, weeds, aquatic plants, and undesirable 
animals. More specific designations include such 
terms as insecticides, miticides, fungicides, hcrhi- 
tides, ant1 rodenticides. 

Synthetic organic pesticides have introduced a 
far-reaching technological :bdv:tncc in the control 
of pests. Although the compound DDT (dichloro- 
diphenyltrichloroethane) w:bs first synthesized in 
1874, its insecticidal properties wcrc not dis- 
covered until 60 years later. Since the int,roduc- 
tion of synthetic chemical pesticides in t.hc IJnitetl 
States, annud production has re:bched 1 billion 
pounds. There are almost 60,000 pesticides 
formulations registered, and each cont,ains :bt 
least one of approximately 800 different, pesticide 
compounds (Simmons, 1969). 

With the increased concern 1j.v noted world 
ecologists over the effects of toxic pesticides on 
the environment, efforts arr hcing m:bde t.o suhsti- 
tute more specific, fast-ncting, and e:bsily dr- 
gr:bdable compounds for the chlorimbted hgdro- 
carbon pesticides. These pest,icidcs were dcvelopcd 
for general :applic:ltion :mtl h:~vP proved to I)r 
very resistant to cnvironment:J dcgr:&t,ion. 

1. Summary of method 

Prep:bretl extracts of wat,c?r or scdimcnt are 
unnlyzed for pesticides by gas chrom:btogr:bphy. 

The tcchniqur of g:bs &rom;btogr:bphy is most 
useful for qu:blitat.ive :bnd qu:mtit,:bt ive analysis of 
multicomponrnt mixturrs. Small volumes of cx- 
tr:bct,, :bs little :bs 1 ~1, arc injrct.cd intro t,ho gns 
chrom:btogr:bph, wh&c t hc compont’nts arc scp:b- 
r:btcd :bntl tltrt,ectccl. The srp:tr;btion of wporixetl 
m:btcri:bl t,ibkCs pl:bcp in the chronb:btogr;bpIbic 
column as it is c:brricd :blong 1)~ :I flow of inrrt. gas. 
Actual scp:br:bt ions occur as t.ht component, vapors 
pat%ition hrtwccn th(I vapor phase :bnd :b non- 
vohbtilr stationnry liquid incorporat,cd in t,he 
column. ~::bch component, :bccording to its phgsi- 
c:bl and chemical proprrtirs. rnt,c>rs anti lcavcs thr 
stationary liquid ;bt a unique% r:btr. 12ec;busc this 
pnrtit,ioning is occurring hetwrcn :b moving vapor 
and a st,:btionary liquid, componrnts injectrd :bt 

one cncl of a column rmerge from the othrr end 
at different, timrs. 

Scvrral diffrrrnt drviccs :w awil:bldo for dr- 

tecting and measuring pcsticidrs as t,hey emerge 
from the column. The rlrctron-c:bpturc drtcctor 
is highly sensitive, responding to :bs little :bS 0.1 pg 
(picogram) of lind:bnc, :bnd is usrd cxt,cnsiveIy for 
detecting t,hr prrsrncc of prsticidrs in water. 
Othrr somcwh:bt less sensitive tlet,rctors, such :bs 
microcoulomctric :bnd flamr photometric, arc risrtl 

in pcsticitlc :m:Jysis IXC:UISC t.hcy rcspontl only to 
specific elrmcnts incorpor:bt.cd -in thr pcst.icidr 
molecules, :bntl thus aid itlrntiti&ion. Thrrc arc 
numrrous l,ooks :bnd p:bpcrs on t,he malysis of 
pcsticidrs by gas chrom:btogr:bph.v. One such 
trr:btmrnt is “Pesticide Resitlue Analysis HuntI- 
hook” (Bonclli, 1965). Thr book, “A Programmrtl 
Introduction to G:bs-liquid Chrom:btogrnphy” 
C~Pattison, 1969), is a good source for brginning 
gas chrom:~t.ogr:bphrrs. 

2. Application 

Organic insrcticitles :tntl hcrhici(les which :brr 
volatile or c;bn t)r m:btIr vol:bt,ilc for gas chronl:bto- 
graphic purposes m;~y lw :tn:~Iyzrd hy t,his t,~ch- 
niquc. 

3. Interferences 

That most. sclriously intrrforing sul,st;lncrs for 
chlorin:bt,cd p&icitlc :bn:blysis are h:blogcn:btrd 
organic compounds, such as “polychlorimbtrtl 
hiphrnyls” from industri;~l waste. Any compound 
or compouncls h;lving chomic:J propcrtics simil:br 
to the prsticidcs of intrrcst m:by c;busc intcr- 
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fercnce. The electron-capture detector is ex- 
tremely sensitive but much less specific than the 
other detectors mrnt,ioned above and, as a result, 
is much less reliable when interfering substances 
are present. Special precautions are necessary to 
avoid contamination during sample handling and 
to remove extraneous material from the sample 
extract. 

4. Apparatus 

4.1 I~lecl~,orr-c~al~t~~~~e yns (~!/,~ortralo!/r~aph: A gas 
chromatograph having an electron-capture de- 
tector which, for an inject,ion of 0.1 ng (nanogram) 
of nldrin, gives 100 mv-set (millivolt-seconds) of 
response is adequate. A Varian-Aerograph Model 
600-D, or equivalent, may be used. (A radioiso- 
tope-bfproduct-nlntcrial license is required for 
electron-capture drtectors employing Ha or Nia3 
sources.) 

4.2 Fla,tle-l)l/otoll,et~ic gas citrontalopaph: A 
gas chromatograph equipped with a Melpar 
flame-photometric detector having filters for the 
specific detection of phosphorus or sulfur. Such 
an inst,rurnent is the Micro-Tek Model MT-220 
flame-phot,omet,ric gas chromatograph. A pro- 
vision for venting solvent effluent between the 
column and the detector should he specified. 

4.3 nlicr.ocoulort2ett.~c-tit~.ulj//!/ gas clrromato- 
graph: A gas chromat,ograph connect,ed to a 
Dohrmann microcoulometer detection system. 
The system employs a Model S-200 snmple-com- 
bustion unit,, :I hiodel C-200 coulometer-amplifier, 
and a choice of titration cells, namely: for halides, 
the T-300-S cell; for sulfur, the T-300-P cell; 
and for nitrogen, the T-400-H cell. This unit may 
be used with thr JIicro-Tek Model MT-200 gas 
chromat,ogroph, or equivalent . 

4.4 Gas ~itrn~rlalo!t~a~~/ti~ W~ZLI~IIIS: The gas 
chromat,ographic columns :tre fabricated from 
1.5-m (meter) lengths of Pyrex glass tubing. For 
electron cnpt urc, 1.8~mm I11 (inside diamet,er) 
tubing is used prefrrably, whereas for other 
modes of detection either l&mm ID or 4-mm 
ID glass tubing may hc used. The smaller bore 
columns accept. injection volumes up to 10 ~1 and 
the larger bore columns mill accrpt, volumes up 
to 80 /Ll. 

Gas Chrom & support, SO/SO mesh, is used for 
the preparation of two different column packings 
as follows: (1) With 5 percent by wright DC-200 

silicone oil (viscosity 12,500 centistokes) and 0.5 
percent by weight Carbowax 20 M; and (2) with 
5 percent by weight QF-1 fluorinated silicone oil 
(also designated FS-1265) and 0.5 percent by 
weight Carbowax 20 M. The support should be 
coated with the liquid phase by the “frontal 
analysis” technique (Smith, 1960). The packing 
materials are loaded in the glass columns using 
vibration and a vacuum to settle. The packing is 
held in place by small plugs of “silanized” glass 
wool. 

The columns are installed in the gas chromato- 
graph and are conditioned as follows: (1) Purge 
the columns for 30 min with inert carrier gas. (2) 
Turn off carrier gas flow and heat the columns to 
250°C for 2 hr. (3) Reduce bhe temperature to 
210°C and allow temperature to equilibrate for 
30 min. (4) Turn on carrier gas flow to about 30 
ml/min (milliliters per minute) and continue heat- 
ing the column at 210°C for 12 hr. The column 
should not be connected to the detector during 
column conditioning. 

After conditioning, the columns are ready for 
use. Performance and retention-time character- 
istics must be determined for each column by 
use of standards. Retention data in tables 1, 2, 

Table 1 .-Retention values for chlorinated hydrocarbon 

insecticides, relative to aldrin 

Columns- . . . . _..._..-..__.___..._-..- 1.8-m lone X 1.8~mm ID 
Carrier gas flow .___..__.__..__.___.-.- 30 ml/min nitrogen. 
Column temperature--- .___.______..__ 185°C. 
Electron-capture detector. 

Relrrtive retention time 

Iwecthdes 5 percent 5 percent 
DC-ZOO QF-1 

IAndane_-. _ -. _ _. _ __ _. _____ _ 0.46 0.80 
Heptachlor _ _ _ - - - _ _ _ _ _ _ _ _ _ _ 29 .87 
.4ldrin I- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1.00 1.00 
Isodrin- __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1.18 1.34 
Hept,achlor epoxide--. __. _ _ _ _ 1.28 2.06 
Dieldrin-_ _ _ _ _ . _ _ _ _ _. _ . - _ . _ _ 1.92 3.31 
p,p’-DDE--- _____._..___ -__ 1 .!I8 2.30 
Endrin__ _. _ _. _ __ _ . . ____ __ 2.15 3.93 
p,p’-DDD__- _._____._______ 2.53 4.24 
o,p’-DDT _ _ _ _ _. _ _ . _ _ _ _ _ _ _ _ _ 2.69 3.01 
p,p’-DDT- _ _ _ -. _ _ _ . . _ _ . _ _ _ 3.41 4.69 
Methoxychlor- - _ _ . _ _ - - _ _. _ _ _ 5.36 7.96 

1 hldrin retcntmn twnes: DC-ZOO, 4.18 min; QF-1. 2.60 min. 
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Table P.-Retention values for phosphorothioate insecticides, 
relative to parathion 

Columns ___.._ _.__-__.-__--__.-__-___ 1.8-mlong X4.0-mmID 
Cwrier gas flow. ___._______..__.. __.._ 75 ml/min nitrogen. 
Column temperatures _ _ _ ___________ -. _ 185%. 
Flame-photometric detector. 

Relative retention time 

Insecticides 5 percent 5 percent 
DC-200 QF-1 

- 

Dioxathion _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ - 0.50 0.40 
Diazinon __-____-______-___- .55 .22 
vc-13_.-_.--.------------- .71 .34 
Methyl Parathion- _ ___ ._____ .72 1.04 
Malathion------ ____________ .93 .79 
Parathion I- _ _ _ _ _ _ _ _ _ - - _ - - - 1.00 1.00 
Methyl Trithion- _ _ _ _ _ --_ --. 2.2 2.7 
Ethion--__---------.------- 2.6 1.84 
Carbophenothion- _ _ _ _ _ _ - _ - - - 2.Q 2.48 

1 Parathion retention trmes: DC-ZOO, 3.82 min; QF-1. 4.55 mm. 

and 3 may be used as a guide for evaluating the 
columns. Column efficiency is measured by em- 
ploying the following equation: 

tr ’ 
w=16 - 0 At 

where 

tt = number of theoretical plates, 
tr = uncorrected retention time of peak, and 
At = peak retention width (length of baseline 

cut by the two tangents of the peak at 
the half-height point,s). 

Using a IJ,~J’-T~I>T standard to test the column 
efficitxncy, a value of no less than 1,500 theoretical 
plates for a 1.8-m column is considered acceptable 
for pesticide analysis. 

4.5 A~iClYJliteJ’ Capdhry pipetS: Volllmctric 

micropipets in 1, 5, 10, and 25 ~1 sizes; t,hc dis- 
posable types are sat isfactory. 

4.6 Alicditer~ s@/(les: Three microsyringcs 
having capacities of 10, 50, and 100 ~1, respcc- 
tively, arc used. The syringe needle should be 
about 2 inches long and have a point shaped to 
prevent punching out, a core when penetrating 
the injection scpt.um. 

4.7 Compressed yaws: Use only the gases 
recommcntled by the vendor for the particular 
instrument system being used. Also, select pre- 

purified grade or better, furnished in size 1A 
high-pressure cylinders. (CAUTION: Never use 
oxygen regulators for other gases.) 

4.8 MicrcMance: A Cahn Gram Electro- 
balance, or equivalent. 

4.9 Vohnetric glassware: Class A volumetric 
flasks in 5, 10, and 25 ml sizes. The stoppers 
should fit well because volatile organic solvents 
are used for dilutions. Volumetric ware such as 
supplied by Kontes Glass Co., or equivalent, is 
acceptable. 

4.10 Inteqrati/zg equipment: A compensating 
polar planimeter readable to the nearest 0.01 
square inch is acceptable. Other instruments or 
methods of integration demonstrating greater 
accuracy may be used. 

4.11 Recorder: A 1-mv (millivolt) full-scale 
response, 1-set (second) pen speed, strip-chart 
recorder. Such a recorder having a fixed or select- 
able chart speed of one-half inch per minute is 
acceptable. 

5. Reagents 

Solvents and reagents are specified for the 
particular isolation technique used. Itecom- 
mendations of the manufacturer should be 
followed for special reagents to be used with a 
particular gas chromatographic system. 

5.1 Renzelre, pesticide-analysis quality: Na- 
nograde, distilled in glass, or equivalent. Rcnzene 
is usually the solvent of choice for preparation of 
concentrated standard solution because it is 
relatively nonvolatile and the pesticide solution 
can be stored for long periods in a safety re- 
frigerator. 

Table 3.-Retention values for methyl esters of chlorinated 
phenoxy acid herbicides, relative to 2,4-D 

Columns. .._.. _. .-. _ _ 1.8-m Irmg X 1.8~mm ID 
Cnrricr gas flow _.._._.__..... . ..- . . . . 30 ml/min nitrogen. 
Cohmn trmpccraturc. _ _ _ ._._. __ .._.__. 145°C. 
Elcctrm-cnptrm dl~tcrtor. 

2,4-D’____.__ - _____._____.- 1.00 1.00 

Silvex___-__.__-~~_-~---..-. 1.42 1.22 
2,4,5-T _______. .___.._.__.-- 1.91 1.80 

I 2,4-I) wtcntion tinrs: DC,‘-200, 3.!J2 nun; OF-l. 3.05 Inin. 
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l 5.2 Pesticide standards: Reference or analyti- 
cal-grade pesticide chemicals may be obtained 
from gas chromatography specialty suppliers and 
often also by written request from the manu- 
facturer. It is desirable to obtain a particular 
pesticide from at least two different suppliers. 
The pesticide standards should be refrigerated 
during prolonged storage, and appropriate hazard 
warnings should be posted on the refrigerator. 

6. Procedure 

6.1 Standardization 
Each gas chromatographic system must be 

calibrated to reference standards at the operating 
conditions to be used for analysis. 

6.1.1 Picogram standards: Weigh 1.00 mg of 
pesticide on the microbalance and transfer into a 
lO.OO-ml volumetric flask. Dilute to volume with 
benzene and mix thoroughly. Prepare a series of 
required picogram standards from this solution. 
(Example: Take 1.00 ~1 of the above pesticide 
solution and dilute to 10.00 ml with the solvent 
to be used in the analysis. The concentration of 
pesticide in t,he resulting solution is 10X lo-r2 
g/r1 (grams per microliter), 9r 10 pg/rl (pico- 
grams per microliter) .) 

6.1.2 Narloyram standards: Weigh 5.00 mg of 
reference pesticide into a 5.00-ml volumetric 
flask and dilute to volume with benzene. Make a 
series of appropriate nanogram standards from 
this solution. (Example: Take 10.0 ~1 and dilute 
to 10.00 ml with the solvent to be used in the 
analysis. The concentration of pesticide in the 
resulting solution is 1.0X 1O-g g/pi, or 1.0 ng/pl 
(nanogram per microliter) .) 

6.1.3 CaZibratio?t : The picogram standards 
are used for electron-capture gas chromatography, 
and the nanogram st,andards are used for flame- 
photometric and microcoulometric gas chroma- 
tography. A 5.09~1 volume of each of the ap- 
propriate standard solutions is injected int,o the 
gas chromatograph. The concentration of pesticide 
in the series of standard solutions should be such 
to calibrate either the full range of linear detector 
response or the range of anticipated pesticide 
concentration in the sample, whichever is less. 
The injection should be made so that the solution 
enters the injection port in a single volume and 
in a reproducible manner. The volume injected 
should be measured by reading the syringe before 
and after injection. All information pertinent to 

the standardization should be written directly on 
the recorder chart. Calibration should be per- 
formed on both the DC-200 and the &F-l 
columns. 

6.2 Sample analysis 
The sample extracts are analyzed in the same 

manner as the standards and under the same 
operating conditions. 

6.2.1 The first analysis is performed by 
electron-capture gas chromatography using the 
DC-200 column. Concentrat,ion or dilution of the 
extract may be required to allow a 5.0~~1 injec- 
tion. Proceed with the analysis by injecting 5.0 
~1 of the sample into the chromatograph, record- 
ing the extract volume and the volume injected. 
Do not make any subsequent injections until the 
last compound has eluted and the baseline has 
returned to normal. 

6.2.2 Run a calibration-retention-time stand- 
ard and a reagent blank as an analysis check. 
Should a pesticide be detected in the sample, a 
standard containing the same pesticide at’ nearly 
the same concentration is also analyzed just after 
the sample. 

6.2.3 Pesticides detected in concentrations 
ranging from 0.01 fig/l to 1.0 pg/l for water 
samples, or from 0.10 fig/kg (microgram per 
kilogram) to 1.0 fig/kg for sediment, must be 
analyzed a second time by electron-capture gas 
chromatography, on the QF-1 column, for con- 
firmation. 

6.2.4 The presence of pesticides at concen- 
t.rations greater than 1.0 pg/l in water or 1.0 
pg/kg in sediment samples must be confirmed by 
microcoulometric or flame-photometric gas chro- 
matography on both the DC-200 and &F-l 
columns. This requirement is not int,ended to 
restrict the use of specific detectors but rather to 
indicate concentrations above which they must 
be used. Specific detection should always be used 
whenever practical. Volumes of ext,ract up to 10 
~1 for the smaller diameter columns and up to 80 
~1 for the larger diameter columns may be in- 
jected. In this instance, a check st,andard at nearly 
the same concentZration should also be run. 

7. Calculations 

Each gas chromatographic system must be 
calibrated with standards. The response of the 
gas chromatographic detector is usually the dis- 
play of an analog signal on a st,rip-chart recorder. 
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The signal is recorded as a differential curve or 
peak. The area inscribed beneath the peak is 
proportional to the amount of material passing 
through the gas chromatogmphic detector. The 
time elapsed from the introduction of the sample 
to the differential curve maximum is designated 
as the retention time for a particular component. 
The retention time for a compound on a specified 
column is nearly unique and is used for quali- 
tative analysis. Also, the retention time relative 
to another selected compound is often used be- 
cause this expression reduces variation usunll? 
found in day t,o day operation. The response of 
the chromatograph must bc standardized at 
optimum conditions and enough determinations 
made so that the data may be treated by the 
method of least squares. During analysis, the 
standard curve must be checked by running at 
least two standards at different concentrations so 
corrections can be made for day to day fluctua- 
tions. 

7.1 Qualitative atralysis 
Directly comparing the rctcntion times of :I 

sample component and a rcfcrcncc standard on 
both DC-200 and QF-1 columns is the method 
used for qualitative identification. Additionally, 
specific detection is employed to further confirm 
the presence of a particular component at lcvrls 
greater than 1.0 pg/l for water samples and 1.0 
pg/kg for sediment. Relative retention time, thr 
ratio of the retention time of an unknown to 
that of a selected standard, may be usctl to 
determine which rcferencc standard to choose 
for comparison. The pesticides selcctcd for this 
purpose are: Aldrin for the chlorinated hydro- 
carbon insecticides, parathion for the phosphoro- 
thioatc insecticides, and the methyl cstcr of 
2,4-D for the chlorinat,ed phenoxy acid hcrbi- 
tides. The following equation is usc~l in qualitative 
identification: 

RRT (relative retention time) = :7$ 

where 

R?‘u = retention time of’ the unknown com- 
pound, and 

RZV=retention time of the rcfcrcncc com- 
pound. 

7.2 Quahativc! atlalysis 
.Mensurcmcnt of gas chrom;ttogr;rm peak :brWs 

by USC of :I planimctcr or by any mrthod of equal 
or greater accuracy is acccptablc. If :I planimctcr 
is used, the avcragc of :bt least two mc:~surrmcnts 
is taken as the peak arca. 

Interpretation of the chromatogram is very 
important to the precision of area mcnsuremrnt. 
Ilelinblc interpret&ion comts with cxprrirncc and 
much can bc gained by careful study of t.hc elu- 
tion patterns and peak shaprs of intlividu:tl mixed 
standards. In gcncral, peaks m:hy appear in four 
different ways, which :tr(‘: (1) A sin& peak, (2) 
two or more discrrtc3 pc:tks not complctcxly srp:t- 
mtcd, (3) :I small peak or shoultlcr on the le;t(ling 
or trailing rdgo of a rchttivrly large peak, :md 
(4) two or more peaks pcrfcct.ly ovcbrhtpping one 
another. The prcscntation of a single pcl:ik is 
idc:J and :~llows prcciso :trc:t mc:Lsur(~m(~nt,. 1+:&s 
not complctcly resolvctl arc gr:tphic:Lll>~ scp:tr:ttcd 
by drawing :t line from the v:~llcy point I)ctwcrn 
two adjacent peaks down to the b:tsctlinc. It is 
*very difficult, to isolat,c :I shoriltlcr from t,hcl larger 
peak in :t rrprotluciblr manner. Also that Ictcntion 
t,ime is binscd towartl the larger componttnt,. In 
this situ;tt,ion :I line is tlrawn to conform with the 
shape of thr major pcb:tk. Although thr :trr:t untlc! 
the larger pciik is llsu:tlly quite rcli:ll&~, that of 
the shoultlor is not,. Other steps shoultl IW t;tkcn, 
such as gas chrom:ttography using :I tliffrrc,nt 
column or tcchniqucs of column or thin-layer 
chrom:lt,ogr:1pll!r, to isol& the shoultlrr com- 
pound for qu:mtit:ttivcb tlctc~l.liiin:Lt,ion. ‘I’hc~ s:tmc 
consiclcr:ttion must bc givcln t.0 ovorl:lpping 
peaks. (%mlponc>n t s (lluting at nc1:trl.v the s:mlc 
t,imc to form :b singlcl pc>:Lk are c:tsily misintcr- 
p&cd. Corrrlation of rct.cnt.ion t.imcls :mtl pc:tk 
:Lr(b;tS on both thr 1X--200 :tntI (21: 1 colllrnns is 
cxtromcly import,:mt in this inst:tnce. ‘I’0 ol)t:tin 
rc+:tble qu:tlitativc~ :tntl ~~ll:tlltitittiVr :tn:tlgsis, 

other isol:tt,ion tc&nicluc~s m:ty h:lvc* to 1~ cm- 
ployctl wtlrnrvrr this occurs (ITc*tlcr:d W:ttct 
I’ollution (!ont.rol Atllllinist.r:tt.ic,n, 1969). 

ITsing log-log gr:tph p:tpclr, plot :Lro:t of rc- 
sponsch, in squ:tro inchrs (in’), ;Lg:tinst, n:uiogr;Ims 
of pMicitlr injcctctl. If six or more v:drws fall in 
thn linrar rrsponscb rc>gion of thr tlrtwtor, t.hc 

cyu:hm of tlir lirw Iri:ly 1w fount1 by t.hr mrthotl 

of l(%St SclriitrW, :lS fOllO\VS: 

,,, = 11 C cv - C .f C !I 
II C .r2-- ( C .r)z 
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b=c~2~Y-cxc~Y 

n C x2-( C .r)2 ’ 

substituting the weight of sample in kilograms 
for the sample volume (Vs) with the resulting 
concentration expressed as pg/kg. 

where 

x = injection amounts (ng), 
y = area response values (in?), 
h = y intercept, 

n1 = slope, and 
)I = number of point,s selected. 

For the equation of the straight line, 

jJ=??lXfb, 

the value for b, the y intercept, is an indication 
of whether any experimental bias exists. It is 
usually small enough to be insignificant so that 
the equation of the standard curve may be ex- 
pressed as : 

y = 721 x. 

The two or more daily response check standards 
nre used t,o correct the slope of the standard 
curve, as follows: 

c= ;c 

where 

C = correction factor? 
dc=area of check standard obtained from 

the standard curve, and 
-is = area obtained from chromatogram of the 

check standard. 

The slope of the standard curve is corrected b? 
multiplying it by t,he correction factor. 

7.2.2 Calcrdatiom for ssan$es 
The concentration of pesticides in water 

samples may be determined using the following 
equation: 

Concentration of pesticide (pg/l) 

where 

A = area of component (in”), 
CW = corrected slope (in’/ng), 

I’ext = volume of extract (ml), 
T*i~,j= volume injected (ml), and 

1’s = volume of water sample (liters). 

This equation may be used to calculate the con- 

ID centration of pesticides in sediment. or soil b? 

8. Report 

Pesticides found in water samples are reported 
as follows: At concentrations of less than 1.0 
pg/l, two decimals and report less than 0.005 
rg/l as 0.00 ccg/l; at concentrations of 1.0 fig/l 
and greater, two significant figures. Pesticides in 
sediment and soil samples are reported as follows: 
Less than 1.0 pg/kg to one decimal; 1.0 rg/kg 
and above, two significant figures. The identities 
of p&rides found in concentrations greater than 
0.01 Kg/l in water or 0.1 pg/kg in sediment must 
be confirmed by two-column gas chromatography. 
For concentrations greater than 1.0 pg/l in water 
and 10 ccg/kg in sediment, specific detection must 
be employed. Identities of compounds in concen- 
trations greater than 10 erg/l in water and 100 
pg/kg in sediment must be confirmed by mass 
spectromctry. 

9. Precision 

Precision of the gas chromatographic technique 
is variable for mult,icomponent analysis. The re- 
sponse of one component may be considerably 
greater or less than that of another. Peaks of 
compounds having longer retention times are af- 
fected more by instrumental noise and drift. 
Under ideal conditions repetitive analysis of a 
single component may be determined to a pre- 
cision of f3 percent. 
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Insecticides in water 4. Apparatus 

Gas chromatographic method 

1. Summary of method 

The insecticides arc extracted directly from the 
water sample with n-hexane. After drying and 
removing the bulk of the solvent, the insecticides 
are isolated from extraneous material by micro- 
column adsorption chromatography. The ins&i- 
tides are then analyzed by gas chromatography. 
This method is a modification and extension of 
the procedures developed by Lamar, Goerlit’z, 
and Law (1965, 1966). For the analysis of in- 
secticides in waters that are grossly polluted by 
organic compounds other than pesticides, the 
analyst is referred to the high-capacity clea.nup 
procedure detailed in Federal Water Pollution 
Control Administration “Method for Chlorinated 
Hydrocarbon Pesticides in Water and Wastc- 
water” (1969). 

2 Application 

This method is usable for the analysis of water 
only. The insccticidcs and assoeiatcd chemicals 
(aldrin, p,p’,DDD, p, $-DDE, o, p’-DDT, p ,p’- 
DDT, dieldrin, cndrin, hcpt,achlor, hcptachlor 
epoxidc, isodrin, lindano (BHC), and mcthoxy- 
chlor) may bc dctcrmincd to 0.005 pg/l in l-liter 
water samples. The inscctieidcs carbophcnot,hion, 
chlordan, dioxathion, diazinon, cthion, malathion, 
methyl parathion, hlcthyl Trithion, parathion, 
toxaphcnc, and VC-13 may ba dctclrmintrd when 
prclsont to high(lr Icvcls (method for organophos- 
phorus pcsticidcs similar to that of Zwcig and 
D(bvintr, 1969). Also, the chemicals chlordcncl, 
h(~xachlorobieyclohcptadianc, and hcxachlorocy- 
clopckntadicnr, which arc! pcRti(*idc manufacturing 
prcrcurxors, may bcb anu1yzc.d by this mcbthod. 

3. Interferences 

Any compound or compounds having chemical 
and physical properties similar to the pcsticitle of 
interest may cause interference. The procedure 
incorporates a column chromatographic tcch- 
nique which eliminates most extraneous material. 
Special precautions arc necessary to avoid con- 
tamination during s:lmpling ant1 analysis. 

See step 4, “Gas Chromatographic Analysis of 
Pesticides.” 

4.1 C’o,lce,,lrati,liq apparatus: A Kudrrna- 
Danish concentrator, 250-ml capacity with :I 
l-ball Snyder column, is used for.tht initial con- 
centration step. Final concentration is performctl 
in the receiver using .a l-ball Snyder micro- . 
column. A calibrated 4.00-ml receiver tube is 
used with the concentration apparatus. 

4.2 Cleanup ~1icrocoZun~~ls: Disposable Pas- 
teur pipets, 14-cm long and 5-mm ID, are usrtl 
for the chromatographic cleanup columns. The 
pipets are washed in warm detergent solut,ion, 
thoroughly rinsed with dilute hydrochloric aci(I 
and organic-fret distilled water, then heated to 
300°C overnight to remove any traces of organic 
matter. A column is prepared by plugging the 
pipet with a small amount of specially cleaned 
glass wool, adding enough deactivated alumina 
through a microfunnel to fill 3 cm of the column, 
followed by :mothrr,0.5 cm of anhydrous sodium 
sulfate. 

4.3 Sundlbuth, Huidized, Tecam, or equiva- 
lent. 

4.4 Sepurufory jutrtrels, Squibb form, l- 01 
2-liter capacity. No lubricant is used on t,hc 
stopcocks. 

5. Reagents 

5.1 fl lumi7ru, neutral aluminum oxide, ac- 
tivity grade I, Woclm. Weigh 19 g activatccl 
alumina into :I 50-ml glass-stoppered crlenmcycl 
Hask and quickly add 1.0 ml distilled watrr. 
Stopper the flask and mix the contents thoroughl) 
by tumbling. Allow 2 hr before USC. The tlr- 
activated alumina may bc used for 1 week. 

5.2 13euzer/e, distilled in glass, pcsticicic- 
analysis quality. 

5.3 dZe.mre, tlistillcd in glass, pcsticicltl- 
analysis quality. 

5.4 Sorliul,, sdjule, anhydrous, granular. 
Prepare hy heating at 3OO‘YJ overnight and store 
at 130°C. 

5.5 Water, tlist.illcd, ohtaincd from a high- 
purity tin-lined still. Ttir feed water is passctl 
through an activatccl carbon filter. The tlistillatc~ 
is collcctcd in :b t,in-silver-lined stor:bgc tank, :bnci 

the wat,cr is const,:mtly irrarliat~cd with ultraviolet, 

a 
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0 light during storage. A gravity delivery system is 
used, and no plastic material other than teflon is 
allowed to contact the distilled water. 

6. Procedure 

Samples should be collected according to the 
recommended practice for the collection of 
samples for organic analysis. A l-liter bottle of 
water should be collected for each sample. No 
preservative is used. Samples should be shipped 
promptly. Unless analyzed within a few days, 
the water should be protected from light and re- 
frigerated. If t,he sample contains sediment, then 
the sediment must be analyzed separately. Re- 
move the sediment by centrifugation or filtration 
through a metal membrane filter. See step 6.1, 
“Chlorinated Hydrocarbon Insecticides in Sus- 
pended Sediment and Bott.om Material.” 

All glassware, except volumetric flasks, should 
be washed in the usual manner, rinsed in dilute 
hydrochloric acid and distilled water, and heat 
treated at 300°C overnight. Instead of heat 
treating, the volumetric ware may be solvent 
rinsed or steamed to remove organic matter. A 
reagent and glassware blank should accompany 
each analysis. 

6.1 Water samples (800-900 ml) are ex- 
t,racted with n-hexane in such a manner that the 
water and t,hc container itself are exposed to the 
solvent. Weigh the uncapped bot,tle of water on 
a triple-beam balance and pour the sample into 
a l-liter separatory funnel. Allow the bottle to 
drain for a few minutes, weigh again, and record 
the weight of water to three significant figures. 

6.2 Add 25 ml n-hexane to the empty sample 
bottle and gently swirl to wash the sides of the 
container with the solvent. Pour the contents of 
the sample bottle into the separatory funnel 
containing the water. Stopper and shake the 
separatory funnel vigorously for 1 full min, 
venting the pressure often. Allow the contents to 
separate for 10 min and dmw off the aqueous 
layer into the original sample bott,le. If the hexane 
layer emulsifies, separate as much water as 
possible, then shake the contents of the funnel 
very vigorously so that the liquids contact the 
entire inside surface of the vessel. (CAUTION: 
Vent often!) Allow the layers to separate and add 
approximately 5 ml distilled water t,o aid the 
senarat,ion, if necessarv. Remove the water and 

pour the extract from the top of the separatory 
funnel into a 125-ml erlenmeyer flask containing 
about 0.5 g anhydrous sodium sulfate. 

6.3 Repeat a second and third extraction of 
the water sample in the same manner using 25 ml 
n-hexane each time, and collect the extracts in 
the 125-ml erlenmeyer flask containing the drying 
agent. Cover the flask containing the extract with 
foil and set aside for 30 min. 

6.4 Filter the dried extract through glass 
wool into the Kuderna-Danish apparatus. Add a 
sand-sized boiling stone and remove most of the 
hexane by heating on a fluidized sandbath at 
100°C in a hood. When the ball in the Snyder 
column just stops bouncing, remove the ap- 
parat,us from the heat and allow to cool. Add 
another small boiling stone, fit the receiver with 
a Snyder microcolumn and reduce the volume to 
between 0.4 and 0.5 ml on the sandbath. Set asida 
to cool. When changing columns, sand must be 
cleared from the glass joint before opening. 

6.5 Quantitatively transfer the contents of 
the Kuderna-Danish receiver (0.4-0.5 ml) to the 
top of a deactivated alumina cleanup micro- 
column. Use a disposable pipet to transfer. Not 
more than 0.1-0.2 ml hexane should be needed for 
washing. Using hexane, elute the extract from thn 
column to a volume of 8.5 ml in a calibrate{1 
lO.OO-ml receiver. Add only enough hexane so 
that the solvent level enters the column packing 
just, as the 8.5-ml elution level is reached. Change 
receivers and continue the elution using 1: 1 
benzene-hexane solvent. Collect 8.5 ml of eluatc 
in a second receiver. The first fraction of eluatc 
should contain all the chlorinated hydrocarbon 
insect,icides, and carbophenthion, Methyl Tri- 
thion, and VC-13. The remaining phosphorus- 
cont,aining pesticides are eluted in the benzene- 
hexane fraction. Reduce the volume of each 
eluate to 1.00 ml using a Kuderna-Danish micro- 
apparatus on t,he sandbath. 

NOTE.--The insecticides are separated chromat- 
ographically in a predictable order on the micro- 
column, and this may be used to augment gas 
chromatographic analysis. Although alumina is 
the adsorbent of choice for the majority of water 
and sediment samples, occasionally a second pass 
t,hrough a different column is needed for more 
difficult samples. The analyst, is referred to the 
work of Law and Goerlitz (1970) for a more 
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Table 4.-Insecticides in water: recovery of compounds added to surface-water samples 
-.__ -~~ 
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!I7 0 YR.0 YR 2 lJG.0 106 81 .l !I!) Ii 10:s 1li.S 
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8Y.Y Y3 5 YR.G Y7.5 9Y.4 YO 0 !J3 :s !12. t !J!, 8 
86.5 93 0 89 2 SJ2.G R4.Y 83 3 !I0 0 91.7 !I1 5 
Y1.Y 87 6 87 4 Y3.G 90.3 8!J !J !,!J 2 !J.S 1 !,I 4 
95 .3 8!J.G 00.7 Y3.1 10.5 88 2 Yi8 100 !J8,5 
85.!J 86 G Y2.8 H3.1 10-L 8!J 0 8X I !G 4 108 
98.4 8.5.6 Y2 1 88 6 102 YO G !I8 1 !J7 G 102 
CJ6.4 84. I 80 5 Y2.G 101 02.4 !(!I .a 100 101 
84.2 !J8 B 107 104 110 82 .5 88 5 ‘IO 6 117 

!U .!I 7.5 1 !lY 0 
1 OG !J 1 G !JO.O 
120 X!).H 110 

dl 3 81 .o 86 0 
105 87.8 107 

!)!I .3 RG :S 81. t 
IOi 81 5 103 
IO!) !I7 1 118 
115 !Jl .7 !I7 .!I 
lo:% !l!J 0 101 

!li.8 YG 6 85 7 
101 a:1 4 87 R 
1 OG 8G 8 124 

8’1 0 !a3 1 867 
!I!) G 86 8 86.4 

t 0.5 !I3 7 80 1 
tnn !I2 1 !bS .b 
I07 121 110 
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.\lcnn...-...-........ 92.1 Y2 8 9R.4 Y6.7 102 87.2 Yh ,i YG 7 IO3 10.1 !I1 08 :3 
Varimcc.-w~.-- _____. 49.3 27 .!J 24.51 17.1 12.Y 23.0 21 3 12 R 51 I Ii3 4 !)G 5 1X!) 7 
Std.dev-....-........ 7.02 5.28 A.!)9 4 14 3 59 4.80 1 64 3 54 7.15 7 !lG !I 82 11.8 
Mcnn error--.- ._____. -7.11 -7.2 -6.6 -3.3 +2 0 - 13 --1.s - :j :s $3 0 +:i .o -!).O -1 7 
Total error ‘- __.. ._._ 22 18 13 12 !I .2 22 14 10 I7 I!1 2!J 25 
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1 JIrFarrrn. 15. F., Linkn. 11. .I., and t’arkw, .I. Il., l!J70, Cr~tmm for jtl,lginr ttw :wcvpt:~t~itity of an:tlvtiwl nwtht~ \n:11. (‘tmlli-try. v. 42. 
,I 3.55-3.58. 

comprchrnsivc treatment of t,hc cleanup pro- 
cecturc. 

6.6 Analyze t,hc clu:ttjcs I)y gas chromdog- 
raphy under con&Cons opt,imizcd for t,hc! par- 
ticular gns chrom:it,ogr:lphic syst,cm king usrcl. 
Run the first analysis on the: clcct,ron-c:lpt,ura g:~s 
chrom:rtogr:lph using the TX--200 column. For 
components in conccnt~rations r:mging from 0.01 
&l to 1.0 pg/l, :t second :m:dysis by clcctron 
c:lpture on the QPl column is rrquirrd. I’esti- 
cidcs in conctbnt,r:dions grr:kr th:m 1.0 j.q/l 
must, hc :m:llyzrtl hy microcoulomat ric or flamc- 
photometric gas chrom:lt,ogr:lphy on Id1 t,hr 
IX-200 :intl t,hr QT-1 columns. 

7. Calculations 

Scr strp 7, “( I:H (:llr0111;1t,oar;lphic Andysis.” 

8. Report 

Thr pc~st,icitlc concc~nt,r:dions in water s:unpJcs 
arc rcporte(! as follows: J,WS than 1.0 &I, two 
cJrcim:ds antI rrport lrss than 0.005 &l its 0.00 
&l; 1.0 pa/l antI :~J)ovc, to t,wo significant 
figures. If more t,h:rn one collunn or gas chrom:do- 
graphic systrm is tlscd, report t I)(> lowrst, vdur. 

9. Precision 

7’h(a rcbsults may vary :LS tn~ich as f 15 pcxrnt 
for conipo~in~ls in thr O.Ol- t,o 0.10-&l concrn- 
tration range. Jl(lcovrry ;In(l prcdion tl:d,:l arc 
givrn in t;d+ 4. 
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Chlorinated hydrocarbon insecticides 
in suspended sediment and 

bottom material 

Gas chromatographic method 

1. Summary of method 

The insecticides are extracted from the scdi- 
ment or soil using acetone and n-hexnne. The 
solid is dispersed first, in acetone, and then 
hcxanc is added to recover the acetone tog&her 
with the &sorbed insecticides. The extract is 
washed with distilled water and dried over 
sodium sulfate. A preliminary gas chromato- 
graphic analysis is performed before concentration 
and cleanup. Following this, the volume is rc- 
duccd and extraneous material is removed hi 
microcolumn adsorption Ichromatography. The 
insecticides are determined by gas chromntog- 
raphy. 

2. Application 

Sediment and bed material may be analyzed 
by this method. Water samples containing sus- 
pended sedimc>nt may also bc analyzed by this 
trchniquc. The insecticidcbs aldrin, p ,p’,DDD, 
p , $-DDE, o, ?I-DDT, p, PI’-DDT, dicldrin, en- 
drin, hcptnchlor, heptachlor cpoxidc, isodrin, 
lindanc>, and mcthoxychlor, may be detcrminrd 
down to 0.20 pg/kg for a 50.0-g sample, on a 
dry-wcaight, basis. The pesticide chemicals chlor- 
dnn, chlordcne, hexachlorobicyclohrptadiene, hex- 
athloroc~yclopmtadicne, and toxnphenc may also 
bt> dctcrmincd by this mclthod. 

3. Interferences 

As in the analysis of water for pesticides, 
chlorinated hydrocarbon compounds similar to 
pesticide chemicals give the most interference. 
Organic coextractives, occurring naturally in 
sediments and soils, are usually adequately re- 
mol-cd from extracts by the cleanup micro- 
column. Sulfur compounds present in some 
bottom muds often hinder electron-capture chro- 
matography but do not appear to interfere with 
microcoulometric gas chromatography. 

4. Apparatus 

See step 4, ‘Gas Chromatographic llnalysis of 
Pesticides.” 

4.1 Cetttr$uqe: A medium-speed centrifuge 
with a head capable of accepting large-volume 
glass centrifuge bottles and tubes is adequate. 

4.2 Cotrcettlmtiqt apparatus: A Kuderna- 
Danish concentrator, 500-ml capacity with a 
l-ball Snyder column. 

4.3 Erlettttteyer jlaslis, 250-ml and 500-ml, 
having ground-glass stoppers, and having spring 
clips for securing the stoppers. 

4.4 Microjiltrntion apparatus: Use only silver 
metal filters having 0.45 pm maximum pore size, 
obtainnblc from Srlas Flotronics. Filters should 
br rinsed with acetone and heated to 300°C over- 
night to reduce interfering substances. 

4.5 Shaker fable, or combination shaker table 
and wrist-action shaker having a IScontainer 
capacity. 

5. Reagents 

5.1 Acetone, distilled in glass, pcsticide- 
analysis quality. 

5.2 tt-hesatte, distilled in glass, pesticide- 
analysis quality. 

5.3 S’odiu~~r sulfate, nnhydrous, granular. 
Prepare by heating at 300°C overnight and store 
at 130°C. 

5.4 W&Y, distilled water obtained from a 
high-purity tin-lined still. The feed water is 
passed through an activated carbon filter. The 
distillate is collected in a t,in-silver-lined storage 
tank, and the wat,er is constantly irradiated with 
ultraviolet light during storage. A gravit,y system 
is used, and no plastic material other than teflon 
is :~llowecl to contact the distilled water. 

6. Procedure 

Samples should be collected according to t,he 
recommended practice for suspended sediment 
:mcl bed materials. Special care should be taken 
to avoid contaminating the sample with oil from 
the sampling device. H.ubber gaskets should be 
replaced with teflon. Two suspended-sediment 
samples should be taken, one for insecticide 
:malysis and t,he other for determining the sedi- 
ment concentration and particle-size distribution. 
A l-liter suspended sediment. sample is needed for 
the insect,icide determination. 

At least 150 g of material should be collected 
for each sample when only solids are to be ana- 
lyzed. All samples must be kept in watertight 
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glass contnincrs to prevent water loss and con- 
tamination. No prcservativc is added. Unless 
analyzed within a few days of collection, the 
samples should be refrigerated and protected 
from light. 

6.1 l’locerlure jw waler samples having suspended 
sediment. A rcagcnt blank must accompany the 
analysis. 

6.1.1 Allow the water-sediment sample to re- 
main undisturbed until t,hc sediment has settled. 
Weigh the uncapped bottles on a bal:mcc to three 
significant figures and carefully decant the water 
into a snparatory funnel of appropriat,c size. (Scpa- 
ratcx by cclntrifugation as in 6.2.2 below and (or) 
filtration through mrtal mrmbranc filttrrs if 
ncec>ssary.) 

6.1.2 Measure 10 ml acetone or a volume 
approximately half the equivalent volume of 
solitl, whichcavcr is grcatcr, into the sample bottle 
containing t,hc stdimcnt. Ileplacc the cikp and 
gently mix the contents of tho bottle on a shaker 
t,:J&~ for 20 min. Add 25 ml n-hcxanc antl mix the 
contcnt,s for an additional 10 min. Drcant the 
ext.r;rct into the scparatory funnel containing the 
water from the sample. ltcpcat the extraction of 
tho scclirncnt in the same manncbr two rnore times, 
using fresh :tcetone :tn(l hexanc each time. 

~!oTE.-AtIc1it.ion:t.I hcxanc may ho nocdcd to 
recover thcl acctoncl extract frorn tho scdirncnt. 
Also, the extract ma?’ have to brt filtr>rctl through 
:I plug of glass wool. Anhydrous sotlium sulfate 
111a.v IF atltlrtl to aid in separating the solvent 
from the scbtlirncnt. Atltl the sodium sulfato slowly 
ant1 rnix to t.ho dcGretl consistency. A qu:mtit,g 
of sotliurn SlllfiLtC equal to t hc amount of sodimant, 
nlay bc atItlc(l if ntacc3ss:v.y. 

6.1.3 Shak(b thcb combinctl (axtracts with th(b 
water from the samplr for 1 min. Rinse the sctli- 
nlcxnt from t hca sample bottle with clist,illctl watrr 
and collect thtl watckr from t.hc SirmplC! in the> 
saulpl(h I)ott I(>. ‘I’ho sc~tlimc~nt, m:~g IE tliscartlctl. 
1)ccanl. t tic cxxt ract frorn thcl top of t,tica scparatorj 
f’unuc~l info :L 250~ml c&nincyc~r flask. 

6.1.4 14% ract the watc>r from the samplr 
with an :ttltIition:tI 25 ml hc~xanc~ ant1 tliscartI t,h(x 
water. Woigti t.tic> s:tmpl(h hot,tlc to tl(xtc>rrninc ttic 
wtGgh t of t h(l s:m~plo. 

6.1.5 ( lorut)inc tlitl clxtracts in the scparatorj 
funnc~l ant1 wash two t irncbs with ,500 ml tlistilh~tl 
w:tt.cr clach timcb. (loIh*ct the (bxt.r:tct. in thcb 250-ml 
crtcnrric~yc~r H:tsk containing :q~proxirri:rt(~ly 0.5 g 

Na&XY&, and continue the analysis as in the pro- 
cedure, beginning step 6.4, “Insecticides in 
Water.” 

6.2 Analysis of sediment, soil, and bed-malerial 
samples. A reagent blank must accompany the 
analysis. 

6.2.1 l)csiccatcd samples, such as bed rnate- 
rid from dry streams, should bc moistened with 
distilled water (to about 15 percent by weight). 
Samples to which water is added are first pul- 
vcrizcd, then mixed with t,hc water, and then 
kept in an airtight glass cont,ainer. A minimum of 
2 hr should be allowed for equilibration. Start 
the analysis of homogancous samples at st,cp 
6.2.3, below. 

6.2.2 Excessive water in scdimcnt and bot- 
tom-mud samples must bc separated from the 
solids in order to obtain :I homogeneous fraction 
of the sample. A proportionate amount of this 
water is used later so that any suspcndcd material 
is inclutlcd in the analysis. This tachniquc! may 
also be used whenever water and solids arc to be 
analyzed sepnratcly. Weigh the containrr and 
contents and transfer tho sarnpln to crntrifugc 
bot,tlrs. Spin the solids at a rolativc centrifuge 
force of 500.-1,000 times gravity. Use the suprr- 
natant water to comptctc the transfer and rcpcat 
the ccntrifugation as necessary. Decant the 
scpnratctl water into the empty tared sample 
container. (See step 6.2.5.) Calculate! the weight 
of the solitl by tliffcrencc. 

6.2.3 Thoroughly mix tha moist solitl until 
homogrncous and t,ticn waigh 50.0 g into :L 250-ml 
rrlrnmcyclr flask having :I ground-glass st,opprr. 
Also at, this timr, weigh an atltlitional 10.00 g of 
tticl solitl int,o :I tarr(l 50~~1 l)cakcr to 1~: hc:rt,c~tl 
at 130°C : ovc>rnight for moist urc tlt~t,orrnin:lt.ion. 

6.2.4 M(lasur(> 40 ml acct,onc into the c&n- 
rncycr flask containing the sample :m(l cl:unp t.ho 
st,oppc>r in placct. (If tlic> sc~dirnc~nt, is santly, use 
20 in1 acc+,ono instcatl.) Mix ttic contc9ts of the! 
flask for 20 rnin using a wrist-action shaker. Atltl 
X0 ml hcxanc antI shake again for 10 min. l)cc:mt 
t,tlc‘ VXtJYlCt. into iI WpiLRLt.ory flmncl containing 
500 nil ttisf.iltett water. A&t 20 nit :tcc%orir* to tttc: 
c~rlcnmc~grr flask :mcl sh:rkc 20 min. Ag:tin :&I 80 
ml h(~x:mP, &kc IO min, and cIthc:mt thca (>xt,r:bct, 
int,o t.tica scxparatory flinnc.1. t<cq~c:lt as in the sctcontl 
cbxt ract ion oncl rnorc~ tirnca. 

I\;o~‘E. If t,hca sc~tlirnf~nt. is not, wc+ clnougti I,0 



ANALYSIS OF ORGANIC 

by drops, while swirling the flask and observe if 
this helps. Very sandy material may remain dis- 
persed. Extremely wet, mucky sediments may be 
better handled by the addition of anhydrous 
sodium sulfate. Add sodium sulfate, in small 
quantities, until the desired consistency is at- 
tained or until the amount added approximates 
the weight of the sediment. The extract volume 
recovered should be measured at each extraction 
to insure that 75 percent or more is regained. If 
not, additional extractions are necessary to ob- 
tain quantitative removal of the insecticides. 

6.2.5 If any water was separated in step 
6.2.2 above, mix thoroughly and weigh out an 
a,liquot equivalent to the fraction of solid taken 
for analysis. Transfer the aliquot of water into 
the separatory funnel containing the sample ex- 
tract and distilled water. 

6.2.6 Gently mix the contents of the separa- 
tory funnel for about 1 min and allow the layers 
to separate. Collect the water in a clean beaker 
and decant the extract into a 500-ml erlenmeyer 
flask. Back-ext,ract the water wash with 25 ml 
hexane. Combine the solvent layers and wash 
with fresh 500-ml quantities of distilled water 
two more times. Discard the water layers and 
collect the washed extract in the 500-ml erlen- 
meyer flask to which has been added about 0.5 g 
anhydrous sodium sulfate. 

NOTE.-A preliminary gas chromatographic 
analysis at this point is helpful for determining 
the volume reduction necessary. 

Proceed with the analysis beginning at step 
6.4, “Insecticides in Water.” 

7. Calculations 

See step 7, “Gas Chromatographic Analysis of 
Pesticides.” 

8. Report 

The pesticide concentrations in water-sediment 
mixtures should be reported as in step 8, “In- 
secticides in Water,” and the sediment concen- 
tration should accompany the report. The 
concentration of pesticides in sediment, soil, and 
bed material is reported on a dry-weight basis as 
follows: Less than 1.0 lg/kg to one decimal; 1.0 
p&/kg and greater to two significant figures. Be- 
cause negative bias exists in the extraction pro- 
cedure, insecticides found in sediments and solids 
are considered minimum amounts. 
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9. Precision 

The recovery of pesticides from sediments and 
soils is mainly dependent on two factors: (1) the 
ability of the solvent to remove the pesticide 
from the solid, and (2) the amount of solvent re- 
claimed at each extraction step. Comparative 
studies of single and exhaustive extractions of 
soil samples taken from contaminated fields 
showed that the extraction technique described 
removed 90-95 percent of the chlorinated pesti- 
cides. Dehydrated clay soils, however, proved 
slow to yield the pesticides unless they were 
premoistened. Apparently, the collapsed layers 
of certain dehydrated clays and the resulting 
agglomerates entrap the pesticides, and the 
addition of water prior to analysis helps to open 
the layers and separate the aggregation. It is 
imperative that sufficient solvent be reclaimed 
at each extraction to avoid low results. Removal 
of 90-95 percent of the desorbed pesticides may 
be expected if at least 75 percent of the solvent is 
recovered at each extraction step. 

Chlorinated phenoxy acid herbicides 
in water 

Gas chromatogrophic method 

1. Summary of method 

Chlorinated phenoxy acids and their esters are 
extracted from the acidified water sample with 
ethyl ether. The extracts are hydrolyzed, and 
extraneous materials are removed with a solvent 
wash. The acids are converted to their methyl 
esters a.nd are further cleaned up on an adsorp- 
tion microcolumn. The esters are determined by 
gas chromatography. This method is a modifica- 
tion and extension of the procedure developed by 
Goerlitz and Lamar (1967). 

2. Application 

The method is usable for the analysis of esters 
and salts of 2,4-D (2,4-dichlorophenoxyacetic 
acid), silvex [2-(2,4,$trichlorophenoxy) propi- 
onic acid], 2,4,5-T (2,4,5-trichlorophenoxy- 
acetic acid), and similar herbicides found in 
water. Concentrations as .low as 0.02 wg/l of 
2,4-D and 0.005 pg/l of silvex and 2,4,5-T in 
1 liter of water may be determined. 
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3. Interferences 

Halogenated organic acids and their salts and 
esters cause interference when BFt-methanol 
esterification is used, and both the acids and 
halogenated phenols interfere when diazomethane 
is used for esterification. 

4. Apparatus 

See step 4, “Gas Chromatographic Analysis of 
Pesticides.” 

4.1 Concentratiny apparatus. A Kuderna- 
Danish concentrator, 250-ml capacity, with a 
l-ball Snyder column is used for the initial con- 
centration step. Final concentration is performed 
in the receiver using a l-ball Snyder micro- 
column. A 4.00-ml graduated receiver tube is 
used for the diazomethane esterification, and a 
5.00-ml volumetric flask receiver is utilized for 
the boron trifluoride-methanol esterification. 

4.2 Erlenmeyer jlasks, 250 ml and 500 ml, 
having ground-glass stoppers. 

4.3 Pasteur pipets, disposable, 14-cm long 
and 5-mm inside diameter. 

4.4 Sandbath, fluidized, Tecam, or equiva- 
lent. 

4.5 Separato,.y~u,,nels, Squibb form, some of 
l-, or 2-liter capacity and others of 60-ml ca- 
pacity. No lubricant is used on the stopcocks. 

5. Reagents 

All reagents must be checked for purity as re- 
agent blanks using the gas chromatographic 
procedure. Effort is saved by selecting high- 
quality reagents t,hat do not require furthrl 
preparation. However, some purification of re- 
agents may be necessary as outlined below. 

5.1 Boron tri$uoricle-methanol, esterification 
reagent: Dissolve 14.0 g BF3 gas in 86.0 g an- 
hydrous methanol. 

5.2 Benzene, distilled in glass, pesticide- 
residue quality, such as Nanograde, or equivalent. 

5.3 2-(2-li:thosyethoxy) ethanol, high purit,y, 
SD260c 1.4068. 

5.4 Ethyl ether, reagent grade, redistilled 
from an all-glass packed-column still, after re- 
fluxing over granulated sodium-lead alloy for 
8 hr. Purity is checked by gas chromntograph> 
after a part is evaporated t,o one-tenth the 
original volume. The purified ether should be 
distilled as needed and should never be stored fol 
more than 1 month. Explosive peroxides rcndil) 

form in redistilled ether, making it hazardous for 
storage and subsequent use. 

5.5 Florid aclsorbenf, Florisil, PR grade, 
commercially activated at 650°C and stored at 
13O’C in a glass-stoppered bottle. 

5.6 Herbicides, chlorinated phenoxy acids, 
reference grade: 2,4-D mp (melting point) 138”- 
139’C; silvex, mp Ml”-182’C; and 2,4,5-T, mp 
154”-155°C. The methyl esters of the herbicides 
may be obtained from commercial sources. The 
methyl esters may also be prepared by reacting 
0.5-1.0 g herbicide acid with 50 ml BFs-methanol 
reagent at reflux for 1 hr. The methyl ester is ex- 
tracted in ether, washed with 5-percent NaZC03 
solution, and finally washed with distilled wat,er. 
The ether extract is dried over anhydrous 
Na&03, and the est,er is isolated by removing 
the et,hcr under vacuum. 

5.7 Methanol, reagent grade, redistilled from 
an all-glass packed-column still after reacting 
with 5 g of magnesium lathe turnings per liter of 
solvent.. 

5.8 .\--~neth~yl-i~‘-~~itroso-p-tolue~~esulfo~~anl~Ie, 
mp 60°-62°C. 

5.9 Potassium h ydrosicle reagent, 711 solu- 
t.ion: Prepare by dissolving 78 g KOH reagent- 
grade pellets in 200 ml carbon-dioxide-free 
distilled water. Reflux for 8 hr to reduce intcr- 
fering substances. A calcium chloride tube filled 
with Ascarite is used at the t,op of the reflux 
condenser to exclude carbon dioxide. 

5.10 Silicic acid, chromntographic grade, 
100/200 mesh, heated at 300°C overnight and 
stored at, 130°C in a glass-st,oppered bottle. 

5.11 Sodium sulfate, rrngent grade, an- 
hydrous, granular; hcnt-treated at 300°C for 24 
hr. The heat-treated material is divided, and one 
part is labeled “neutral. sodium sulfate” and 
stored at 130°C in a glass-stoppcrcd bottle. The 
other part is slurricd with enough ether to cover 
the crystals and acidified to pH 4 by adding a 
few drops of purified sulfuric acid. (To determine 
the pH, :I small quantity of the slurry is rcmovod, 
the rthcr evaporated, water atldcd to cover the 
crystals, :md the pH is me:~surod on a pH meter.) 
The ether is removed by vacuum, and the treated 
material is labeled “acidified sodium sulfate” and 
stored :rt 130°C in a glass-stoppcred bottle. 

5.12 Sorliu~r &Jute solution, 0.3&I/ : Prepare 
by dissolving 50 g ncut,ral sodium sulf:& in 1.0 
liter distilled water. 
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5.13 Su!fut?c a&, reagent grade (sp gr 1.84), 
purified by distilling off water until a constant, 
boiling solution remains. The acid is refluxed for 
about 4 hr. 

6. Procedure 

Water samples for herbicide analysis should be 
collected according to the procedure described for 
the collection of organic water samples. The 
samples may be preserved with sulfuric acid at 
the collection site only if the acid is supplied with 
the sampling package. Regardless of whether 
preserved or not, the samples must be iced or 
refrigerated in the dark within 4 to 5 hr of collec- 
tion. Samples must reach the laboratory within 
24 hr of collection if not acidified. A l-liter sample 
should be collected for each analysis. 

6.1 Immediately upon receipt in the lnbora- 
tory, the samples are acidified to pH 2 or lower 
with the specially prepared sulfuric acid. If more 
than 24 hr is required for shipment, then the 
samples must be acidified at the collection site. 
For this purpose, 5 ml of 1: 1 diluted sulfuric acid, 
sealed in a, prescored glass ampoule must accom- 
pany each empty sample container. Detailed 
instructions for proper addition should also be 
included. After adding the acid the bottles 
should be loosely capped for 5 min or so before 
closing tightly. Refrigerate the sample unt,il 
analysis. 

6.2 Weigh the opened bottle containing the 
sample. Pour the sample into a l- or 2-liter 
sepnrntory funnel. Allow the bottle to drain for 
a few minutes and then weigh. Record the 
sample weight to three significant figures. Add 
150 ml cthJ.1 rther to the sample bottle, rinse the 
sides thoroughly, and pour the solvent into the 
funnel. Shake the mixture vigorously for 1 min. 
Allow the contents to separate for at least 10 min. 
Occ:~sionally, emulsions prevent adequate separa- 
tion. In this event, draw off the clear aqueous 
layer, invert the sepnratory funnel and shake. 
(CAUTION: \‘cnt the funnel frequently to pre- 
vent forming excessive pressure.) Addition of 
small volumes of distilled water often aids re- 
moval of sediment from the ether layer. Small 
amounts of water included in the extract do not 
interfere with the analysis. Collect the extract in 
a 250-ml ground-glass erlenmeyer flask containing 
2 ml 7M potassium hydroxide solution. Extract 

the sample two more timcks, using 50 ml ether 
each time, and then combine the rxtracts in the 
250-ml erlenmeyer flask. 

6.3 Add 15 ml distillctl water and a boiling 
chip to the extract and fit the flask with a l-ball 
Snyder column. Remove t,hc ether on a steam 
bath in a hood and cont,inllc hcat.ing for a total 
of 90 min. 

6.4 Allow to cool and t,r:tnsfer the water to a 
60-ml separatory funnel. Extract the basic solu- 
tion once with 20 ml and two more times each 
with 10 ml of ether and discard t,hc ether layers. 
The herbicides remain in tha aqueous phase. Add 
2 ml cold (4°C) dilute slllfuric acid (1 part con- 
centrated H,SO, (sp gr 1.84) diluted t,o 4 parts 
with distilled water) to the contents of the funnel 
to bring the pH to 2 or below, and extract the 
herbicides once with 20 ml and t,wo times each 
with 10 ml of ether. (Collect the extracts in a 
125-ml erlenmeyer flask containing about 0.5 g 
acidified anhydrous sodium sulfate. Cover the 
flask with foil and allow the extract to remain in 
contact with the sodium sulfate, preferably in an 
explosion-proof refrigerator, for at least 2 hr. 
(Refer to steps 6.6 and 6.7, Mow, before con- 
tinuing.) 

6.5 Transfer the cthcr solution into the 
Kuderna-Danish apparatus through glass wool in 
a funnel, Use liberal washings of ether and break 
up the hardened sodium sulfate t,o obtain quanti- 
tative transfer. Concentrate t,hc extract to about 
0.5 ml on the fluidized sandbath heated to 60°- 
70°C. Under no circumstancrs allow the extract 
to evaporate completely to tlryncss. Clear sand 
from the glass joints bcforr opening. 

6.6 Esterijicatio,l lcith diazwrretira~re. A 4.00-ml 
graduated receiver tube is mctl with the Kuderna- 
Danish apparatus when the sample is to be 
esterified with diazomethnnr. A&l a volume of 
anhydrous methanol cqu:ll to 0.1 of the volume 
of the concent,rated cxt,ractj. (:onncct two 20- by 
150-mm test tubes in scricas wit,h glass tubing 
t,hrough neoprene stoppers so that, incoming 
nitrogen bubbles through the IiqlGtl in the tubes. 
At the outlet, position ;I piccr of glass tubing 
having a right-angle bend anti :I drawn-out tip 
so that the gas can bc bubblctl through the 
sample. Add about 5 ml ether t.o the first test 
tube. To the second test, t,llbr, iLtltl 0.7 ml ether, 
0.7 ml 2-(2-ethoxyethoxy) rt.hanol, 1.0 ml 7M 
potassium hydroxide solllt.ion, anql 0.1-0.2 g 
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N-methyl-N-ni troso-p-toluenesulfonamide. Imme- 
diately position the second test tube and adjust 
the nitrogen flow through the apparatus to about 
10 ml per minute. (CAUTION: Diazomethane is 
a toxic and explosive gas. The use of a good fume 
hood is absolutely necessary.) Place the Kuderna- 
Danish receiver so that the gas bubbles through 
the sample. Allow the reaction to proceed for 
about 10 min, or less if the yellow color of diazo- 
methane can be observed to persist, in the sample 
tube. Remove the tube containing the sample, 
stopper, and allow to stand in t,he hood for about, 
30 min. Carefully discard all waste from the reac- 
tion. Add about 0.1-0.2 g silicic acid to the sample 
solution to destroy excess diazomethane. After 
evolution of nitrogen has subsided, pass the solu- 
tion through a disposable pipet plugged with 
glass wool and packed with 1.5 cm neutral 
anhydrous sodium sulfate over 1.5 cm Florisil 
adsorbent. The eluate is collected in a graduated 
receiver tube. The transfer is completed by 
washing the receiver tube several times with small 
quantities of ether to a final volume of 2.00 ml. 
The tube is stoppered and the contents t,horoughly 
mixed and analyzed by gas chromatography. 

6.7 ~sten’jcation with boron tnjluoride-meth- 
ad. A 5.00-ml volumetric receiver flask is used 
with the Kuderna-Danish apparatus when the 
sample is to be esterified with boron trifluoride- 
methanol reagent. Prior to the initial concentra- 
tion step described previously (see step 6.5, 
above), 0.5 ml benzene is added to the extract in 
the Kuderna-Danish apparatus. The extract is 
concentrated to less than 1 ml, and the walls of 
the flask are washed down with a small amount 
of et,her. Sand adhering to the joint is cleared off 
with an air gun or brush, and the receiver is 
fitted with a l-ball Snyder microcolumn. The 
liquid volume is further reduced to 0.5 ml in the 
sandbath. After the benzene solution in the re- 
ceiver has cooled, 0.5 ml boron trifluoride- 
methanol re+gent is added. The Snyder column 
is usctl as an air-cooled condenser, and the con- 
tents of the receiver are held at 50°C for 30 min 
in a sandbath. The reaction mixture is allowed 
to cool to room temperature. About 4.5 ml of the 
sodium sulfate solution is added to the reaction 
mixture so that the benzene-water interface is 
observed in the constricted neck of the receiver 
flask. The flask is stoppered with a glass plug and 
vigorously shaken for about 1 min. Allow to stand 

for about 3 min for pha.se separation. Twirling 
the flask between the palms of the hands from 
time to time aids separation. The benzene layer 
is pipetted from the receiver and passed through 
a small cleanup column prepared by plugging a 
disposable pipet with glass wool and packing with 
2.0 cm neutral anhydrous sodium sulfate over 1.5 
cm Florisil adsorbent. The eluate is collected in a 
graduated receiver. The transfer is completed by 
repeating the extraction step with small quanti- 
ties of benzene until a final volume of 2.00 ml is 
attained. Add a few crystals of neutral anhydrous 
sodium sulfate to the benzene solution and 
thoroughly mix for gas chromatographic analysis. 

6.8 Analyze t,he extract by gas chromatog- 
raphy under conditions optimized for the par- 
ticular gas chromatographic system being used. 
Run the first analysis on the elect.ron-capture 
chromatograph using the DC-200 column. For 
components in concentrations ranging from 0.01 
pg/l to 1.0 Fg/l, a second analysis by electron 
capture on the QF-I column is required. Pesticides 
in concentrations greater than 1.0 pg/l must be 
analyzed using microcoulometric detection on 
both the DC-200 and &F-l columns. 

7. Calculations 

See step 7, “Gas Chromatographic Analysis of 
Pesticides.” 

Each gas chromatographic system must be 
calibrated with standards. Methyl ester stand- 
ards of the herbicides must be converted to the 
acid equivalent. During analysis, at least two 
standards should be run so that the standard 
curve can be corrected for day-to-day instru- 
mental fluctuation. 

8. Report 

The pesticide concentrations are reported as 
follows: Less than 1.0 pg/l, two decimals, and 
report less than 0.005 pg/l as 0.00 fig/l; 1.0 erg/l 
and above, two significant figures. If more than 
one column or gas chromatographic system is 
used, report the lowest value found. 

9. Precision 

The results vary f20 percent for 2,4-D at the 
0.10~pg/l level and f10 percent at l.O-fig/l 
concentration. 

a . 

c 
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Chlorinated phenoxy acid herbicides 
in sediment (tentative) 

Gas chromatographic method 

1. Summary of method 

Chlorinated phenoxy acids and their salts and 
esters are extracted from an acidified slurry of 
sediment and water with acetone and ether. The 
extract is hydrolyzed, and extraneous materials 
are removed with a solvent wash. The acids are 
converted to their methyl esters and are further 
cleaned up on an adsorption microcolumn. The 
esters are determined by gas chromatography. 

2. Application 

This method may be used for the analysis of 
esters and salts of 2,4-n (2,4-dichlorophenoxy- 
acetic acid), silvex [2-(2,4,5-trichlorophenoxy) 
propionic acid J, and 2,4 ,5-T (2,4,5-trichloro- 
phenoxyacetic acid), and similar herbicides found 
in sediments. 

3. Interferences 

Halogenated organic acids having properties 
similar to the herbicides cause interference when 
BF,-methanol esterification is used, and both the 
extraneous acids and halogenated phenols inter- 
fere when diazomethane is used for esterification. 

4. Apporotus 

See steps 4, “Gas Chromatographic Analysis of 
Pesticides” and “Chlorinated Phenoxy Acid 
Herbicides in Water.” 

4.1 Shaker table, or combination shaker table 
and wrist-action shaker having a 12-container 
capacity. 

5. Rcogents 

See step 5, “Chlorinated Phenoxy Acid Herbi- 
cides in Water.” 

5.1 Acetone, distilled in glass, pesticide- 

SUBSTANCES IN WATER 39 

analysis quality, such as Nanograde, or equiva- 
lent. 

5.2 Hydrochloric acid, concentrated (sp gr 
l.lS), ACS reagent grade. 

5.3 Sodiwn sulfate solution, 0.35hI: Prepare 
by dissolving 50 g neutral sodium sulfate in 1.0 
liter distilled water. 

6. Procedure 

Samples should be collected according to the 
recommended practice for suspended sediment or 
bed materials. The samples must be iced or re- 
frigerated. The analysis should begin as soon as 
possible because the herbicides, particularly 
2,4-D, may decompose significantly in a few 
hours. Samples should be kept in tightly closed 
glass containers to prevent water loss and con- 
tamination. A reagent blank must accompany t.he 
analysis. 

6.1 Excess water is separated from the sedi- 
ment as described in steps 6.1 and 6.2, “Chlo- 
rinated Hydrocarbon Insecticides in Suspended 
Sediment and Bottom Material.” The water from 
suspended sediment samples is analyzed as in the 
procedure, “Chlorinated Phenoxy Acid Herbi- 
cides in Wat,er,” using proportionally less ether 
for smaller amounts of water. Water separated 
from bed material is included in step 6.5, below. 

6.2 Thoroughly mix the moist solid until 
homogeneous and weigh 50.0 g into a 250-ml 
erlenmeyer flask having a ground-glass stopper. 
Also at this time, weigh an additional 10.00 g of 
sample into a tared 50-ml beaker to be heated at 
130°C overnight for moisture determination. 

6.3 While stirring, slowly add water to the 
sample in the erlenmeyer flask until the mixture 
has the consistency of paste, or until water begins 
to separate. Acidify the slurry to pH 2 or below 
by the addition, by drops, of concentrated hydro- 
chloric acid. Allow to stand with occasional 
stirring for 15 min, and insure that the pH re- 
mains below 2. Add more acid if necessary and 
until stabilized. 

6.4 Measure 40 ml acetone into the erlen- 
meyer flask containing the acidified sample and 
clamp the stopper in place. Mix the contents of 
the flask for 20 min using the wrist-action shaker. 
Add 80 ml ether and shake again for 10 min. De- 
cant the extract into an appropriate-sized separa- 
tory funnel containing 250 ml 0.351\l sodium 
sulfate. 
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NOTE.---If the sediment does not settle to allow 
decanting the solvent, add anhydrous sodium 
sulfate in small amounts until the mixture 
separates. A quantity of sodium sulfate equal to 
the amount of sample may be added if necessary. 
To ensure adequate recovery, measure the 
volume of extract at each decanting step. 

Add 20 ml acetone to the erlenmeyer flask and 
shake 20 min. Again, add 80 ml ether, shake 10 
min, and-decant the extract into the separatory 
funnel. Repeat the process as in the second ex- 
traction one more time, and collect the acetone- 
ether extract in the separatory funnel containing 
the 0.3564 sodium sulfate solution. 

6.5 If any water was separated in step 6.1 
above, mix thoroughly and weigh out an aliquot 
equivalent to the fraction of solid taken for 
analysis. Transfer the aliquot of water to the 
separatory funnel containing the sample extract, 
and the sodium sulfate solution. 

6.6 Gently mix the contents of the separa- 
tory funnel for about 1 min and allow the layers 
to separate. Collect the aqueous layer in a clean 
beaker and collect the extract in a 500-ml ground- 
glass erlenmeyer flask. Back-extract the water 
wash with 25 ml ether. Separate the aqueous 
layer and discard. Pour the ether layer into the 
erlenmeyer flask containing the sample extract. 

6.7 Add 5 ml 7111 aqueous potassium hy- 

droxide and 15 ml distilled water to the extract 
in the 500-ml erlenmeyer flask. Add a boiling 
chip and fit the flask with a l-ball Snyder column. 
Evaporate the ether on a steam b:it,h in a hood 
and continue the heating for a total of 90 min. 
Continue the analysis, beginning at step 6.4, 
“Chlorinated Phenoxy Acid Herbicides in Water.” 

7. Calculations 

See step 7, “Gas Chromatogrnphic Analysis of 
Pesticides.” 

Each gas chromatographic system must be 
calibrated with standards. Methyl ester st,andards 
of the herbicides must he converted to the acid 
equivalent. During analysis, at least two stand- 
ards should be run so that the detector response 
curve can be corrected for day-to-day instru- 
mental fluctuation. 

8. Report 

Pesticide concentrations in sediment are re- 
ported as follows: Less t,han 1.0 pg/kg, two 
decimals; 1.0 rg/kg and above, to two significant 
figures. If more than one column or the gas 
chromatographic system is used, report the 
lowest value found. 

9. Precision 

c 
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