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MANAGEMENT PERSPECTIVE 
Issue 
Current procedures forthe extraction of contaminants from water are labour intensive, time 
consuming and produce large volumes of waste solvents. Restrictions on the use, 
transport and disposal of hazardous solvents are expected to become more stringent. New 
procedures are needed to address these issues. 

Background 
Recent advances in laboratory iinstrumentation have resulted in commercially available 
instruments utilising‘ processes such as solid phase extraction (SPE). This technique has 
the potential to replace traditional liquid-liquid extraction of organic contaminants from 
water with substantial savings in time and solvents consumed. Dissolved organic carbon 
(DOC) in natural waters may cause low recoveries of analytes. This phenomenon has not 
been adequately investigated. ' 

Status ;"‘= T 

In the first stage (_NWRl Contributio/i 94-45) we evaluated the Zymark Autotrace SPE 
system under laboratory conditions with solutions of analytes dissolved in distilled water. 
In this study we moved to field conditions with natural waters containing moderate to high 
concentrations of dissolved organic carbon. At the highest DOC levels investigated, 
recoveries of target analytes were approximately 20% less than those achieved by neutral 
pH liquid-liquid extraction.- Thus, further work is required for the successful extraction of 
a full range of natural waters. 

Next» Steps 
The next stage of the study will utilise cartridge style adsorbents rather than the disk 
adsorbents used in this report. The increased capacity of these cartridgesis expected to 
allow the successful extraction of larger volumes of high DOC natural waters.

_
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ABSTRACT 

The influence of dissolved organic carbon (DOC) from a Canadian Shield humic lake on 
th_e recovery of selected organochlorine pesticides by a solid phase disk extraction (SPE) 
method has been investigated, We tested a semi-automated Zymark -AutoTrace“" 
instrument fitted with SPECTM ‘disks. ln the first of two experiments, we examined 
recoveries of selected organochlorine pesticides from fortified distilled and high DOC lake 
water Mean recoveries of analytes from d_istilled (62 -1 5%) and lake water (55 1 7%) were 
lower by SPE than by neutral pH liquid-liquid extraction, which averaged 75 i 11% and 76 
1- 12%. Whe%%)ume of lake water samplesprocessed was increased from 750 to 3000 
mL,! recoveries generally decreased. High DOC samples benefitted from additional 
dichloromethane extractionsof d_is_ks, as up to 12% additional analytes were recovered. 
Breakthrough, assessed from liquid-liquid extraction of sample effluent, was low for 
distilled water samples (<1%) but increased for lake water samples (6-37.5%). An 
addit_ional 2-11% of analytes were recovered by solvent rinses of the containers. 
ln a second experiment, we -tested the extraction efficiency of the -SPE method to recover 
contaminants from a standard volume of fortified distilled water after treating extraction 
disks to various amounts of DOC from filtered, unfortified lake water. Mean recovery of the 
spiked solution was lower from DOC treated disks (48 2 8%) than from untreateddisks (62 
i 5%); These results indicate that analysts need to assess DOC as a factor affecting 
measurements of organochlorine pesticides from aquatic systems with this SPE technique.
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INTRODUCTION 

Solid phase extraction methods are attractive alternatives to liquid-liquid extraction (LLE) 
forthe detemiination of organic contaminants in natural waters. SPE methods use greatly 
‘reduced amounts of solvents, require less intermediate laboratory processing, a_re more 
adaptable to semi or full-automation, and offer the promise ofgreater reproducibility than 
traditional liquid-liquid extraction methods, A discussion of recent developments in LLE 
and SPE methods can be found in Part 1 of this contribution series (Sullivan et al., 1994). 

A semi-automated SPE apparatus, the Zymark AutoTrace® fitted with SPEC® C18-bonded 
glass fibre disks, has been previously tested for completeness of extraction of selected 
organochlorine contaminants from spiked Milli-Q water (Sullivan et al., 1994);. The goal of 
that work was to establish optimum experimental settings for parameters such as loading 
rates, disk drying times, and choice of extraction solvents. However, we expected Milli-Q 
water not to accurately represent environmental samples, and in particular that the DOC 
content of the sample may affect the performance of the SPE technique investigated. 
Dissolved organic matter may lower extraction efficiencies of pesticides for SPE methods 
by competing for avail_a_ble sorption sites on the solid phase material. SPE, may not extract 
pesticides associated with organic macromolecules (Eadie et al. 1990, Kulovaara 1993). 
For exa_mp_le, decreased recoveries of pesticides dissolved in a humic acid,-sol,ution 
compared with HPLC-grade water have been observed for C18 bonded-(phase "silica 
cartridges (Johnson et al. 1_991). Here we present results from investigations of the 
recoveries of organochlorine contaminants spiked into lake water with varying levels of 

Doc.
9
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MATERIALS AND METHODS 

Solvents used in this study were pesticide grade (Burdick and Jackson). Glassware was 
cleaned by soaking in laboratory-grade detergent, rinsing with distilled water, and drying 
in an oven at 200°C ovemight. Glassware was solvent rinsed immediately prior to use. 
Lake water from Lac~Cromwell (a 10 ha humic lake locjated 100 km north of Montreal, see 
Table 1 for chemical characteristics) was sampled by submersible pump into solvent- 
rinsed 20 L stainless steel cans, and pressure-filtered using 1 pm poressized glass fibre 
filters (147 mm, combusted; Gelman), Subsamples of filtered lac Cromwell water and 
laboratory grade distilled water were taken from the cans into pre-‘combusted 100 mL 
glass vials, acidified to pH 3 with reagent grade phosphoric acid, and stored at 4°C prior 
to DOC analysis. Analyses were performed with a high temperature combustion instrument 
(Shimadzu) using standard protocols. 

Table 2 gives a list of compounds studied and the levels of these contaminants in the 
spiked lake water. We supplemented the organochlorine test solution used in earlier 
laboratory studies (solution I, Sullivan et al., 1994, Macguire et al., 1995) with a spiking 

solution containing other organochlorine (OC) pesticides of interest (solution 2). All 

pesticides had stated minimum purities >95%. OC solutions were mixed into methanol, and 
equalamounts added to 18 L both of distilled and lake water to give a 0.5% methanol final 
concentration. An additional 18 L of lake water was spiked with 90 mL of methanol only to 
give a 0.5% solution‘. These solutions weregstirred slowly with electric mixers for 1 hour 
prior to commencing the experiments. i 

After stirring, duplicate 500 mL subsamples of all solutions were liquid~liquid extracted by 
shaking with DCM (3 x 30 mL) in a 1 L separatory funnel. Upon completion of the 
experiments, containers holding solutions of OC spiked water were emptied and the 
containers were twice rinsed with 100 mL of DCM toiassess potential loss to container 
walls.

F
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Solvent rinses of SPEC disks, system settings and extraction procedures followedthose 
recommended by Sullivan et al. 1994. Briefly, disks are rinsed with DCM and ethyl- 
etherlpentane solvents, and wetted with methanol prior "to sample processing. To remove 
residual water after sample processing, disks were dried in a desiccator for 2 hours prior 
to extraction. All disks were then extracted with 2 x 5 mL of 15% ethyl ether in pentane 
(EEP) solvent. ln the present work-, selected disks were also eluted with an additional 2 

x 3 mL of DCM. ln order to make sample processing more time efficient, we divided the 
AutoTrace program into three separatesections: (1) Load Samples; (2) Rinse Disks (to 
remove residual water after loading samples); (3) Elute Disks. Thus, during the time one 
set of 6 samples were drying in the desiccator, a second set of samples was loaded onto 
the disks. -i 

Samples extracted by liquid-liquid technique were concentrated by rotary evaporation after 

addition of 1 mL iso-octane keeper. Care was taken not to exceed 30°C bath temperature 
in an attempt to maximize recovery of volatile components. L,iqu_id-liquid extracted samples 

were cleaned-up on a mini-column of 2% deactivated Florisil. All SPE samples were 
analysed without further cleanup. Gas chromatographic analysis on an HP 5890 used 
splitless injections on DB-5 and HP5O 30-m bonded phase columns with dual electron 
capture detectors and hydrogen carrier gas using conditions described in Sullivan et al. 

(1994-). Some decomposition of DDT was noted in the chromatograms, likely owing to 
thermal decomposition in the inlet of the gas chromatograph. DDT values were calculated 
as the sum of p,p-DDT and p,,'p-DDE. Results for the di- and tri-chlorobenzenes were 
compromised by interference peaks on both GC columns and are not reported here. 

Two experiments were used to test the effects of sample DOC on sample recovery. 
Experiment 1 compared analyte recoveries from distilled and lake water solutions. We also 
tested the effect of increasing the lake water sample volume on the recoveries of analytes. 
Experiment 2 tested recoveries for a 500 mL aliquot of DC-spiked distilled water after 
disks were treated with increasing amounts of lake water and DOC. This goal of this 

\\ l
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experiment was to provide information on the degree to which DOC in lake water is 
responsible for saturating available sites on the C1, disk. 

Quality Control: Analytical blanks were assessed by extracting SPEC disks after solvents 
rinses, and after treating the disks with 500 mL aliquots of unfortified distilled or lake water. 
In all cases, blanks values were <<1% of spiked water concentrations. Losses due to 
sample handling and clean-up procedures was investigated for the SPE method by adding 
the spike solution onto pre-conditioned SPEC disks in the Zymark disk holders. The LLE 
method recovery was checked by analysing for contaminants spiked directly into DCM. 

RESULTS AND DISCUSSION 

Spike Recoveries. Results for the recovery of sample spikes directly into DCM or onto 
. \ 

pre-conditioned SPEC disks (while in disk holders) are shown in Table 3. Recoveries of 

the spikes from DCM were almost quantitative with mean value = 102 1 6%, and ranged 
from 88-109%. These results indicate that work up losses for LLE extraction samples 
should be small with the methods" used. ‘Lower recoveries were obtained for the spikes 
directly onto SPEC disks which averaged 90 1-11% and ranged between 63-112%. The 
anomolous low value of 63% was obtained for C(—HCH. The generally lower recoveries 
with the SPE method suggest that small but significant losses may occur during normal 
processing of samples with the techniques used here. Losses with the AutoTrace system 
may occur through incomplete flush_ing of extraction solventfrom the lines or disk holders.

l 
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EXPERIMENT 1. ~ 

ln Figure 1 we compared SPE recoveries of analytes from the same volumes of OC- 
fortified distilled and lake water. Results from liquid-liquid extraction of the distilled and 
lake water solutions were very similar (14%) for all analytes and average values are
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shown. LLE recoveries averaged 75 -1 11% and ranged from 58 - 98%. SPE recoveries 
of same volume (750 mL) distilled and lake water samples were 62 :l: 5% (range 52-68%) 
and 55 i 7% (range 46-67%), respectively. Standard deviations of replicate samples 
ranged from 1.4 - 9.8% for l-__l,_;E results and from 1.6 - 14.7% for SPE samples. Earlier 

work using OCs spikedirito high purity Milli-Q water found 64=91% extraction of analytes 
from the SPEC disks using 15% ethyl ether/pentane with standard deviations ofjanalyses 
ranging from 1.4-12.5% (Sullivan et al., -19.94). ‘Lower recoveries for the laboratory-grade 

distilled water may be the result of higher levels of DOC in this water than the high purity 
M.illi-Q water-. 

Figure 2 shows analyte recoveries when the volume of OC-fortified lake water was 
increased from 750 to 1500, 2000 and 3000 mL. Each sample sequence therefore 
increased the total DOC loaded onto the disks. It was generally found that SPE recoveries 
decreased with sample volumes greater than 750 mL or 9 mg DOC. Average recoveries 
and range of results from extractions for the 1500 mL- (i_.e. 18 mg DOC), 2000 mL (24 mg 
DOC), and 3000 mL (36 mg DOC) samples were 35 1 14% (17»59%), 36 :10 (-18-50%), 
and 32 1. 9% (19-44%), respectively. Recoveries decreased systematically with increasing 

sample volume in the cases of methoxychlor, DDT and jmirex, however rather similar 
recoveries "were found for sample volumes of 1500 mL (18 mg) or greater for the majority 
of analytes. 

'

t 

As shown in Table 4, additional. extractions of disks with DCM recovered up to 12% more 
of OCs with highest recoveries found for samples with the highest DOC loads. ln contrast, 

Sullivan et al. (1994), in Milli-Q water based studies, did not recover addi.ti,on,al 

contaminant from SPEC disks with further solvent extractions. Our results suggest that the 
presence of lake water DOC on disks reduces the effectiveness of the ethyl ether-pentane 
extraction. lt is conceivablethat DOC bound to t_he -SPEC- disks, particularly larger 

molecular weight humic acid material, may physico-chemically prevent solvent penetration 
to C18-bound analytes. Table 4 also shows total extractable recoveries obtained from both

2 I
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extractions. Total OCs extracted ranged from 55-71% for 750-mL distilled water samples 
with 46-69%, 22;-59%, 24.-5-59%, and 22-51% recovery for respective 750, 1500, 2000, 
and 3000 mL lake water samples. ~ 

We measured contaminants passing through the SPEC disks (breakthrough) by sampling 
the effluent of selected samples. As shown in Figure 3, low levels of analytes were found 
in the effluent of distilled water samples; however, 6-3.8% of target compounds were found 
in the effluent of the lake water samples. The measurements of breakthrough in Figure 
3 indicate that: (1) percent breakthrough did not increase for lake water samples when the 
total DOC load was increased; (2) increasing sample volume did not increase loss of 
analytes "from the disks. 

We also measured the amounts of analytes recovered from rinsing the containers holding 
the distilled and lake water solu’tio'ns upon completion of theexperiments. An additional 
2-9% of the OCs were obtained from rinses of the spiked distilled water ‘solution container; 
somewhat less than the 6-11% recovered from rinses of the lake water container. 

Average total recoveries of compounds with log KW, <6, obtained by adding results from 
all sources, were 74 i 8% by LLE, 66 i 4% for SPE DW, and 54 1 11% for SPE lake water 
samples. Higher total recoveries were found for compounds with log Kow >6: 85:1 1% by 
LLE, 7&4% for SPE DW, and 77i11%‘for SPE lake water sagnples. Unexplained losses 
could occur from solvent evaporation steps, losses to tubing and surfaces in the AutoTrace 
instruments, losses to/glassware during sample transfers, and losses d_u_ring Florisil 

cleanup of Ll__E samples. Lower overall recoveries of low log KW, compounds may be the 
result of evaporative losses during the sample concentration step. 

_
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EXPERIMENT 2. . 

In this experiment, disks were loaded with increasing amounts of DOC followed by a 

standard 500 mL aliquot of distilled water fortified with OCs. Increasing amounts of DOC
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were loaded on disks by processing varying volumes of lake ‘water. These volumes 
ranged from 0 (no lake water) to 3000 mL of lake water resulting in DOC loads of 
approximately 3, 9, 15, 18, 24 and 36 mg-. Immediately following each treatment, all 

sample lines were connected to the OC-spiked distilled water and this solution was 
pumped through all disks. Disks were extracted by both ethyl-ethe_rlpent_an_e and DCM 
extraction procedures.- 

Figure 4 shows recoveries of contaminants from the 500 mL of spiked distilled water from 
disks previously treated with increasing‘ volumes of lake water compared to the SPE 
recoveries found by analysing the distilled water sample directly (DW; mean = 62 i 6%, 
52 - 70% of OCs recovered‘). Recoveries by SPE for low Kow analytes (PeCB - heptachlor) 
from DOC treated disks averaged 50i8%_ and ranged from >35-72%. No clear effect of DOC 
on recovery was observed for these low l<,,W compounds. On the other hand, results for 
the compounds with KW 2 6 do -show decreased recoveries when disks were pre-treated 
with lake water. Mean sample recoveries from lake water treated disks range from 52 1 7% 
to 32 1 3%"; all lower than recoveries (62 i 5%) for the distilled water sampleanalysed 
directly. .

- 

Li'quid-liquid extraction of the sample effluent recovered negligible (< 0.5%) amounts of the 

target compoundsfrom untreated disks, while ~O - 8% of analytes averaging 4.2 1 2-.-5% 
were recovered for DOC-treated disks. These breakthrough values are 3:-"4 times lower~ 

than those found in Experiment 1 for OCs spiked into lake water. Therefore, while 
breakthrough attributable to competition for sorption sites by lake water DOC does appear 
to occur, the higher values found when la_ke.water was spiked directly suggest that the OC- 

DOC complexes formed in the lake water solution account for the majority of the observed 
breakthrough, 

Using this data, indicative of losses from the disks other than OC-DOC binding, to correct 
the breakthrough data fro_mExperiment 1, we calculated the OC-DOC partition coefficients

l
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where: ~ 

KDOG = % Breakthrough! (% Extracted x [DOC, glmL]) (1) 

The range of log Kl-m values falls between 3.83 and 4.64 and, with the exception of HCH, 
values increase with increasing KW Excluding the HCH value gives the linear relationship 
(r2= 0,96) shown in Figure 5, which is in good agreement with the relationship:

i 

r 
_

t 

Log km = 0.24 Log K‘,-W + 2.78 (r = 0.61) (2) 

found by Eadie et al. (1990) for selected radio-labelled hydrophobic‘ organic contaminants 

and DOC from Great Lakes waters. The HCH outlier in Figure 5 probably indicates that 
additional breakthrough of this low Kw, compound for the truly dissolved species, perhaps 
due to a lowering of affinity for the C1,, matrix in the presence of humic material. Disks 
employing C8 reverse phase adsorbents has been found to provide greater recoveries of 

HCH isomers from Great Lakes water (T. Bidleman, personal communicatyion). 

CONCLUSIONS
f 

DOC significantly influences the analysis of organochlorine pesticides using the Zymark 
AutoTrace® fitted with S_PEC® disks. The following effects, attributable to the presence 

of lake water DOC, were noted: 
1) Decreased efficiency of extraction with ethyl-ether pentane. A second extraction solvent 
is recommended; - 

2) Increased breakthrough compared with distilled water; 
3) Increased losses of analytes to container and other surfaces. 

It is recommended that surrogate or matrix spikes of compounds similar to the target
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analytes be used to determine possible differences in extraction efficiencies between 
samples from natural wa.t.e.rs.. The use of appropriate internal standards following extraction 
is also indicated from this work to control for losses during sample concentration steps. 
Further investigation should be directed toward whether the design of the disks holders 
is optimal. The use of C18 mrtridge type adsorbents, with much higher analyte capacities, 
may be required for water samples with significant amounts of DOC. 
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Table 1 r
~ 

Chemical characteristics of Lac Cromwell water __ 

ooc (mg C/L) . 12.1 

Calcium (mg/L) 3.7 

Total P (pglL) 
' 9 

pH 6.7 

DOC (mg C/L) of distilled water V 2 

Table 2 

List of analytes, their log octanol-water partition coefficients, and the concentrations in 
water samples after spikes were added. 
Analyte log KO,-,_, 

‘ ‘ Target 
Concentration 

(ngIl.) 

or-Hexachlorocyclo-hexane (HCH) 3.8 

Methoxychlor - 4.3 

tetra-Chloro-benzene (TeCB) 4.5 

penta-Chloro-benzene (PeCB) 4.9 

hexa-Chloro-benzene (HCB) 5.4 

Heptachlor 
_ 

V 5.4 

g-Chlordane 6 

a-Chlordane 6 

/‘transeNonachlor 6.1 

cis-Nonachlor 6.4 

DDT 6.4 

Mirex 6.9 

87.6 

100 

85.2 

81.6 

80.7 

96.2 

221 

78.4 

41.8 

44.0 

80.4 

1.17
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Table 3 

Recoveries of organochlorine contaminants after direct spikes of solution mixes 1 & 2 onto
U disks and into dichloromethane. -- 

Analyte 
from DCM 
(solution 1) 

1 

1>e1¢e.1111e88v1,11,“ 
W H 
Percent 
Recovery from 
disk 
(solution 1) 

Percent 
Recovery 
from disk 
(solutions 
1&2) 

HCH 1 

Methoxychlor 

tetra-CB 

penta-CB 

hexa-CB 
Heptachlor 

g-Chlordane 

a-Chlordane. 

t-Nonachlor 

c-Nonach.lor 

DDT 
“ 

Mirex 

105 1 3.1 
1'09 11.9 
1'05 1 0.5 

106 1 3.1 

88 i 0.6 

.103 i Q.-.6. . 

75-L19 

82112 
89 i 3.5

\ 

97 i 8.3 

112 i 9.2 

952*: 9.7 

63i11 
100 i 7.5 

87 i7.5 

8918.5 
91 i4.3 
82:11 
87:85 
88:11 
98111 
101 :18 . 

1ooi4.5 
83:18

I



Table 4 

Total amounts extracted for Ex'peri‘me‘nt 1 with amounts recovered from additional DCM 
extractions shown in brackets. 

15 

Analyte Percent 
Recovery 
DW 

Percent 
Recovery 
+9 mg 

Percent 
Recovery 
+18 mg 

Percent 
Recovery 
+24 mg 

Percent 
Recover
Y 
+36 mg. 

HCH 
Methoxychlor 

tetra-CB 

penta-GB 

hexa-CB 

Heptachlor 

g-Chlordane 

a-Chlordane 

t-Nonachlor. 

c-Nonachlor 

DDT 
Mirex_ 

66 ( 

68 ( 

71 ( 

68 ( 

61 ( 

57 ( 

62 ( 

70 ( 

67 ( 

2.1 ) 

1.8) 

3.4) 

2.8) 

2.6) 

2.1) 

n.d. 

2.2) 

n.d. 

61 (2.3) 

68 ( 3.0) 

44 (n.d.) 
67 (1 8) 
69 (1.6) 

(1.8) 

5) 

4) 

.5.) 

9) 

6) 

2.5) 

69 (2.2) 

8) 

61 1' 

58 ( 

55 ( 

52 ( 

54 ( 

58 ( 

55 (

2

2

H

2 

4. 

22 ( 

60 ( 

25 ( 

26 ( 

30 ( 

34 ( 

41 ( 

46 ( 

46 ( 

52 ( 

59 ( 

n.d.) 

41) ' 

7 9) 

7 6) 
7 7) 

6 3) 

n.d.) 

5 7) 

4.8) 

4.9)

H 

55 (2.5) 4.9 (2 46 (5.9) 38 (8.2) 

28 (n.d.) 
55 (6.5) 
25 (6.2) 
29 (9.5) 
44 (12) 
45 (11) 
42 (n.d.) 
51 (11) 

40 (n.d.) 
55 (10) 
59 (10) 

22 (n.d.) 
45 (5.4) 
31 (12) 

33 (13) 

33 (1 1) 
35 (8.3) 
50 (7.5) 

49 (3.5) 

45 (7.9) 

51 (7.0) 

45 (7.5) 

37 (7.3)
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List of Figures; 

1/ Recoveries of target analytes by liquid-liquid (LLE) and solid phase extraction of 

distilled water (DW), and SPE of spiked lac Cromwell water (LC-W) samples; LLE values 
shown are averages of the distilled and lake water values as very similar results (+/- 4%) 
were obtaidned for all analytes. 

2/ Recoveries of target analytes from different volumes of spiked lake water. l_ndic_ated 

are the levels of DOC loaded onto disks based on the amount of lac Cromwell water 
analysed and a DOC content of 12.1 mg CIL. - 

3/ Recoveries of analytes (percent breakthrough) from liquid+liquid extractions of sample 

effluent. ‘ 

4/ Comparison of analyte recoveries from spiked distilled water after disks were pre- 

treated with various volumes of lake water. lndicate_d are total amounts of DOC to which 
disks were subjected prior to analysis of spiked distilled water. 

5/ Plot of log KDOC versus Log KW. Relationship calculated using data for +9 mg DOC 
analyses from Experimetnt 1 corrected with data from Experiment 2 as discussed in text.



Perc 

Percent Recovery 

'- 
:1‘-f'..‘Z.¥ 

FlT#3»"‘ 

Eg»: 

.' 1?.-' 

__ . . _- 
,. _-‘ 

-~ E352? 2.»-1 
_§ 

- 
s ::n 

‘\‘.~ 

.2%<4,-..=_,) 

Ta: 

V W 
H _ H 311.. 

'3" 

>51. 

,1 w, 

— 
, I 

7‘ >£ 

mi»?-'5 

. _. . ..,..k- \ ,» . -, .‘ L - W,-_. 

e=.

é 
' 

3-.=;'i~t= £‘¢ ..-_». ~. 

‘~ 

at 
' 

. @§$@ 

“¢:a,1‘;‘3' 

“,5- één 

rm. 

_ . . 

:'?:»:':§,
' 

;§@; 
»= 

1

' 

:<;.='._ - 

142' R 

'">e1w.¢\<-a:~*_*-11_§n'-‘2 >
,

s 
’;' 

Q. 

‘x\_ 

1\'w\ 

“W 

M .. 

\‘_’T!!.\. 

~‘?”~=.-;- 

'=~.=‘.: 

- :\~l*1.-r - 

55%;; _. 
.- - _-

k ;:,~,, ... 
%:£¢<'-1* 
.,.,:;A, 2 

:3 ‘LL; ;_: '>» 

pf fiéas 
<‘?¢ 

.» 
I.-:1, ll’. ~ my . 

‘ 1-2-E 3- 

§%§§ 
5<£;<‘.’:l 

21:22‘-J ;_ 

:»”~“?'“ E 

fi% s 

‘E : ¢#a¢ 

Qua:“ 
‘=*=c;i= 

,, '1.-_=r.=; -<‘ 

'19 
H131-£1‘

~

¢

T 
mmor 

imws 

=‘.:.T'.‘.:'" 

%a#g 
K’ 

&§§§
§ 

1-15;»: =»' 

Q5352 - 

0,1?-':‘.‘:>‘. 

Em? 

‘;\'—"
I 

w)D'21§:'.‘mv 

@%§1 
v~"c'~ : 

WE 

"33§F;":3 E‘; 

{1=':.-.-0‘ ? 
'2 

géfi 
§‘?1%<.'~" —A 
Z5~1§~;~ 
=EE»;1'§3_ 

-:3_>- 

' Methox 3-HCH TeCB . peg‘-B 

ent Recovery 
HCB Heptachlor

\ 

:.=..2j; A , ; 
‘:-'2-:4 :f2 >- 

_. _____ _ _ __._ __ _____ __ _ .. .v.;::_..>: 

§{»§§§.§{§:1.&§§:_;-:;,§:§;:,;Z 

v
~ 

'(y+'- 

w-v 

-_t= 

ass-3;: 

*1 
;__ 

51§§%gz,

, " 
'-11'? 

:-’-ILi}=3‘~?.1§-5.-<.-5-:3 

21- 

r 
-'~‘=‘ 

‘§ 

-'-»-'.-
; 

:’:*:=E 5 

1. 

c-‘Ch or t-Ch or t-Nona c-Nona DD‘ MIREX

I 

LLE [I] SPE DW SPE LCW “

\ 

"H (,__v

, "'- - _ -.. _ ".~'; _. _ __; _ £_-».;‘ __ =.-1;-~"_:_=. -._,,-7-4:_,:;;:_ :.-131,-’r':: 
. — — -- - _. _ _ __ ._-‘;..»<-' .$;_;*gg,; _ _ _ _ _ _ _ 

11'" \. .»‘ - ‘.-»-;‘:_»- 

\ 
'- - i‘»7'*’1=€'I -~<1i¢5i» ~ 

_ n :‘<‘n1\_ 4 
.-.-.~.¢:.;-,= 1:?-,¢;:* \--.=_»,;=r= _ " ‘<‘§:l< _: -9 -1' =~-5; . _ 

\'-
, 

- I 1%:-1 ': :.~.i: .- --.--.5" 
"' 

‘ 
‘ir5',~i=§' 

‘I 
£34; ma-~. ' :'.;Ir- : . 3,2 1'.‘ _ 

.' .. = =4‘-9: ». .- - ~ -. -::-'-1 : : 1‘. ,.~: ~~ .;..:;=;. 
' :-*v:- » 1. FEM. '=: **‘~¥-=I- ' -; ‘_-_ -»-*> . 

' -M1 I ~~ 1='r=;§=. :"‘$'.. ~ ‘»'¥%¢! ~11~r;-~ 
$1-. :=::.—.~ ;—- — _-ma — _. _ V‘ :5,»-_:_‘ :;-, 21”»-‘:-1 .\ _-='_'.s= f 

-< 1-, v-4%» - , ... -, 35;‘: »1 
— .— .. ‘ .,. 3:153; ; _ _ 

= ~- 
" 

‘ .2;-.%1 5 1-. 
' 

~ = ~: .=- -» 11; 
'1 

», 
~ 

,~ 1 
1~ 1- .1 1-:::-:1 ; tar: » 

. 
4?.‘-I51‘. » 

:: ‘;$.:.2‘ ':’~-Br-1. 
- __,, ..‘.-. ~ _.,~. .. 

_ _, ,. . 
_' 

\ ‘ :-§:’;';;' 5 :52,’ 2 ;\-- 1 -=.'- 3 -' 
- \ ‘ 

-; \-’- 173$ 7 _ . M‘ .' ,: 3, \- .. .. == : '»"Q;‘,#. 11 
---=.\"_ 2.=».-»»:- -» 

1 
:'.'*.i': * 

if 
5~:-1." 2::-::_=:p 

04 3 :,!_2:?_' .. -¢;;;3v, :1 
*< fig‘. -15;" ._ .,_, _ .'.»;...;: 1}}-5.: ,1 

u.--:' . 
::-'-- 4 -j§=- -. -'- 1»._ 1 ‘:5.-:=*‘:' ' 

I 
=1 “. .11 . 

.=‘»-'.: ,- V. ., _, -; , -.,\ :-.-;>._ :~.g<£=’: -.= ., : 

1»: I-3*-:1 1 -.- <‘=1::.;;= 1'-1;. f???" "E =.:a:‘3‘ = -"5 -11.1, =j~'~y¢;r 
" 

;;';&';'?
; -- =1 ===;¢ -— - :_e:1.~:= : - =‘w -. _ 1.312; .-..-=.=:;, :=‘.1=_-. ,.»=;:-=: 

‘ 

A. 1'?'=1‘1 I 1r:‘:':§= 2-.-:1; 1 

»" — — — :.:'1,-._f 
i 
- - """ 

, 1::-1:‘ 5 
"' 

5:‘ '3 -'-7':-‘£1.25: -'33?-11'-3 1 
-<;w;<rv: 517$": 5 

I i£~£?'£- 
I x» 1;;-,~ 

_ 
:-;'-:_r;,; 

\ 

2; ;.s;_;.¢.t 2 - .-2; 2 
‘ 

~\ ::'.-T1 :2 as-:2 .~:-:11: = 

-“=::;=, 1:--':= . \ :. I =.;~";1.1 :-.-==<: »=._-1; '5: - 

C) 
%&@§ 3;; V Q§§¢ ’ wig; 

" ' 

\ 

" * 

:§%z §§§§ 522* *§%$1 ;ax;'
' 

- .-;..~.':-..: _ -:;F:. :‘ 1 ::::':’ ‘ -j’1'~<.f=‘ ::':-;: * 
. . __,_ , __ _ 

‘ M . -, M:-__; .:_-3:.
2



4 fwd

_

_

_

_ 

_r

_

_ 

__

_

_ 

_

_ 

__ 

__

r 

__ 

_H 

_h 

_ 

> 

___nb

_ 

_ 

_‘ 

C

L

_ 

_ 

k_wiFE__‘£_E£

_ 

Es“‘fl:_"n 

U'm(>"_M_‘mqW_W 

HT 

Kqmywwmn 

_’_‘“’“R"_\"

,

_ 

"“p'“0’_v"; 

__F4_‘§g__§__;g__Pwkh_Hd_“FHHw¢wEfl5_d4N_€u

_

_—

_

_

-

_

_

_

_

B 

_> 

_ 

V

1

_

_ 

pmm¥;t£iK\§v|Tg

_

i 

t 

____g_ 

E 

ME&TmM_W_fiEfiWwu 

H_ 

M 

1“$$_fi_w"m_wMH§¥fiN_, 

§______

>

_ _ 

V_ 

__

_ 

m_

_ 

__ 

_ 

___ 

Y’

_ 

_ 

:_ 

__ 

___ 

__

7

Y

‘ 

_‘_1f_1K‘“L"“1‘“fiU_h_

_ 

__m_w_|mwWWMmH\%mfllM_

H 

H 

M“ 

4 

__

e

_ 

__”m¢_'fi_Hhx"J_\M":§5Sqzq'dmfifl6£g_L_z‘§h%§

_ 

_

W 

_’“'r_‘_$_ 

__ 

__né_fl‘£MhJ_“h2M_Mi_;v 

;_?_NM 

y_u__q 

)_q_‘_:'A“AV___W_

_ 

N’ 

) 

‘,

_ 

_

>

_

_

_

_

_ 

_"

_ 

_
_ 

>_

_

_

_

_ 

"Bu 

__

_

_

S 

_ 

‘M 

miuflmwmmnhf 

_iA_2_§z“¥“~%e¢Qb‘i§%_g§gg5_§_§§'!§

_

‘ 

‘J4’l'”\m‘/_h‘_‘“‘”~‘w“” 

‘_;’°Ai““> 

‘W

_ 

Ya

_ 

K.‘

V

_ 

Wflahha 

“_‘___v_>[_L,&_m'”“%_fi$dn»2__AWmwW_flq_%g“d”_‘Vfi_pwYm_“_&‘xfi_“__=_*

T 
_

F 

_ 

__ 

__

_ 

H_ 

_ 

Y

‘

_

C

_

t 

_

>

_

_ 

_ 

“$”_fi‘§_§ 

{_ 

__|__U

1

_ 

an 

_ 

__>"_

_ 

_ 

Aa

_ 

_ 

_
_ 

_M

_ 

‘_

X 

_

_ 

V__

h 

“_

_ 

_H5W@V‘M‘_F_W|_MMm_"“_"dEW“HLvmv"_‘mu__mV_mvmmm 

A 

_"mq'____"4 

_+_k_“vH_ 

‘ 

:5

I

t 

S 

_‘ 

‘

‘ 

( 

h"“MHfl_fimjmfly:§$__$%_"§fimfl"“%Vg$WMflh‘mfiyym 

W
I 

__fl“%“uUmm_\MWfiflw"_Wwwnw%hMq"_m_mMhwE"w\n_;~asUé§EBE

P 

m?_"U_MH‘_nM____“y_4_~_;'_I,_U_V_wqW_J~“‘_wt_mU“H____flN?Jng““£“'_n

8 
‘Q
h 

umEM“gyflawwkfiwgwimgmwgfiEM%__mWW$%%“P

) 

any 

__ 

_ 

__

_ 

O
/ 

O 

_0 

0

W

0

8

6

4 

m
O 

_ 

fi“%_%_'\_‘vm“4‘fl"“__W_wW““F_“m__§gfi_§_§”M‘&§mi“m_"H§Mw_m%$%WN 

_U___ _w __M_%_W

_

_

_ 

__

_

_

H

" 

__ 

_

H 
_

_ 

,_

_ 

_ 

_‘__|__ 

__€_"____A 

:____:_/_;v_‘H__

_ 

_ 

' 

l

‘ 

_ 

V 

_:__‘_‘___ 

'".M_vu_ 

kw 

._w__‘\_V__““_ 

LIV," 

‘I 

Y,

_ 

‘_‘__

_

V

_

_

_ 

_ 

A_ 

‘M

_ 

_ 

’_

<

_ 

FH__|_‘ 

_‘ 

'7 

>_"H"‘“m_Mmn__’

v 

_ 

H

X 

‘ 

I 

p___>___‘_

\

’

_ 

_

_ 

mu: 

__ 

__ 

m

_ 

I 

_||__ 

J

_

_ 

__’y_‘WK_hk_hPHI_H%H_aM_Mw__H

__ 

"
’

_ 

_ 
__ 

_ 

_ 

___v 

_

_

_

_ 

x 
_ 

_’w 
_

_ 

_ 

_
_

_

_

_

_

_

_ 

_ 

“M 

1' 

:__F1\_‘_‘Hl____€__'y 

U\;_\V_'_\‘_“ 

J“ 

F" 
_ 

3 

_Z_

_ 

‘V 

__

W

a 

I

_ 

fl___M>vw 

v___‘ 

u___“w__ 

H_fl_H%_w_fl__%“ 

fi_\HA_WT|“H_"‘ 

w_V_4W>

H

0 

_“ 

J“K!‘m 

__»"_ 

'_ 

H 
Y‘ 

L 

_‘ 

"_h_|vNm“w‘"”m

_ 

_

_

_ 

_ 

I

‘

_

_

a

_ _ 

mH____“_ 

gm 

__h_4M¥M 

H 

‘MIA 

mm 

WW 

ll

%

COD mgm63CDm42 Cm 

” 

m$_‘U_Hh_“'hW"“_“% 

_ 

,YW”m$NMhH& 

‘wtTU"_IV__M_M_HH%mMfl_“W 

vH4___‘_HU‘_¥$_¢_"qflHh_\fl_w“_ 

I 

4“W

_ 

_ 
__<_ 

_

_

_ 

_ 

__ 

__

_ 

> 

'_‘_d 

‘__ 

_v 

_“WY__‘H/__N5___;uHHfi_flfig__H>_n___

n

_ 

HA 
w"v_’WH%_“>'_ 

WNWWHWWWUM 

hM__wHH__M

O 

_

_

I

_

_

h

_ 

um

_ 

_

_

_

_ 

_

‘ 

_v

_

_

_ 

H\'W)NH____H_'_>__MvHIwU_“fi_»4H‘4_Mn_MHVW_H'HM_N__ 

um 

___\"m_H__H_HHH=H_____HH 

_:_ 

Hr

_ 

H____H_\v_v__w 

_u‘_g__“_‘_IH‘_1___ 

__hH_ 

Hm” 

h__M‘_“h

w 

_ 

__;H 

> 

____£>___>_““ 

H>'_"’_H_”“

L H 

__’_‘__y_i/,_'___“fi__ 

_

_ 

H_

_ 

_H

O VI 

’_

_

h

_

v 

_M_m|__‘ 

_" 

l_\|__"“_

‘ 

Mn,‘ 

2: 

"___ 

‘J

_

O

O

O

0

O

O

1

>

81COD
M WM

H

_ _ 

_hmm_§

_ A 

‘

‘ 

I

W_ 
g_

m 
WU

_

V



Methoxy - " 

I I 

I I I 

| I
, H “"'I" __ _ _~_.. 

i 

I i ,;_-%'.___ -..__ .. 
- 

. I 

I I 

| e( ; B ~_------»-----~ -
1 

. 
_

I I M 
I I 

. .‘ _,. _.,__.__. ,._ . . . I I 

' " I7_"1I:f___'.'_w.___>< '4 . 

'

I 

PeCB '

I 

, , 
.

| 

‘ 

, 

H 6 B r_§.§~<=.~z=§:e-'.:~.::-_;=m*.as;¢1<.~uwe/ngzgaave:
I 

Heptachlor I 

t-Chlor 
I c-Chlor I 

I I 

I 
I

I 
I 

' _‘ .._ .._ . ,.....___.._ I

. t-Nona I 
~ 

» 

-
' 

..'-":_>:31".:":2;-"x '41-:-1' '.';-;‘Y.'-- =5: I I ' 

I I
| 

._ .._ ,,,__..__...,.._ .. ._. _._.._......._.‘,‘_____,___,.___ I 
‘

I N ‘5;!i'.\’\'9v!‘_|.\‘-.dl7v‘\’(¥'§1‘-\ '.~:\.rII'I.W.v?'l:'»\0fi:4‘¢\‘¢>v<:*w~InV-:Yf\‘~1v:r'Flv:£pv.~‘-\.~<>-4-’ -- "

l c- ona I ~~ 
» ~.'-; - --.'".=.-{'9' 1 2.:.= : ;':;.'1;-1: "7 

I
I 

' I 
I 

I I
I 

_ *VQYl7_>IZ"‘ _._.__ ....__.._._._._-._._.. _..._._.._.. ___< I
I D » 

I
| 

_ 

I
I 

, I I 
_ I 

Mirex 

O 10 20 30 40 
Percent reakthrough 

CIDW 9mgDOC3 
D24 mg DOC 36mg DOC



100 

_ ‘FF=5”!l 

Percent Recovery 
100 

80* 

6.0 

40 

20

0

@ 
. 

+~=- 
3‘=‘1§i?»f?~!'» 

- 

E§.f§“§?ii 
:&¢:1$I-T.‘ 

$1 I 

.._- 
‘,_,‘_.‘ M; 

'- 1??! gjli mm 
.;'.x} Kali

" 

‘gfl 
%®% flww 1: _" la»; ¢@& 

Wgfifi 
'vggcg§q=i§:" 

Methox a-HCH 

wm% 
1 ; 
' 

big _.v 

E? 
'7 -%fi!v 

fifigi 
F4

I 

‘ 

‘§ ' 

. 1 
I’ 

. ‘ffi 

.. ,1 1| 

wmmmmmmgm 

$&%%%@%fi§ 

.';<,.fil 

19;

‘ 

Fl? 
H’ 

vv $2 

ggfifimfim 

§%§gm%a 

‘

I 

"7 

5 2 

'-1,-E 

-'._F_P_|:__§q$_.: 

‘;;‘_=‘£17§ 

‘>15 

' fi mfi W ‘§w ‘gm w 
~. F “Q ;= -§¥§€% - 

I1.-'-‘;~- ""1" =1 
__ ~5‘¥E% .1.71 

;_=.:1.= 
- @3851 -Eéiigi 5;: 

5.1;, -. 9.‘-§'ifiHE -' ' 

ii; 
i“ 51' 

zi-.;;:=

U , $5 z % ;fL ;§3 ii 

TeCB PeCB. 
e 
HCB Heptachlor

I 

‘Q Y 

.F 
'-. 

I >,, 

' ' 

'.;< 

5; -=-_- 

4; 
-“~' 

Q I 
.4 

' 
‘ ~=$ 

. 
» 

V 

\ E24 
5%: 

wmh %% 

;\‘?E\ 

.~ '1. 
0-3 F43

L 

£253. 

80 -- 

60 

40 

20

O 

;i'ii‘:‘1352£\H§ii"_:>3!;3:@“>fi 

é- -
1 

clo t-Chlor t-Nona c-Nona DD“ Mirex 

__.__._...__..._._____._. 

It 

1, 
.- 

:. H» 
¢- 

52:5 

.,. .11 ;- 
- - -.—= W 

.4. ‘:1: 

-- ~‘~ 111 ~.‘;.:;

% 

i F " 
e=:

'

7 lg! 

. . E 

1': hi ¢._1 

axe fi 
;|,r- 3:;-Z 

1,‘ 

+--§§§L1~-- iiw m reg §' a%§;a? 
wew a %§H Q } —~ .. (5,: - - 

age g: 

._.g.2_ 

/3 
ma 

2! 1» 

[J2 

_.‘ 3; 

fifl 
4 

g4 efi 
mw 

Jfq 

1:! i% 
'*!§ 

.75 
lg; 

ré! 

'0 
Ff) 
P .1
V 

5;-I 

-.> g 
Y : __ _ 

** 1 
; . 3 J 

" 1' jj: 
= 

._ 
, 

.». 
_ .5; 

-I _ _ .11 >:.“ §;?‘:; 

5 rflm m"- wee w-— 
a 1;; '~‘; 

‘ '4:-3" . 
'1 

;.~.: 

3 2% @ 
H1 -My 

33 ..k ~éfii%' 2 
. ",»:- at J: -;;;"% 

.. .1. 

I3 DW B +3 mg DOC + 9 mg 00¢ +18 mg DOC E] +24 mg DOC +36 mg DQC 
/ i 

I;

¢

9



‘ 

4_8 ~ 

, , 
~~-~-- »—~~—* 

I 1 ~*--»—~---

I 
4.0 

' E
_ 

Log K(DOC) ’\ 

4.6 5
I 

E a-HCH 

4.4 E 

;.-ii‘; 

4.2 » 

z.‘

' 

#5.: 

. Log K(DOC) = 0.35 Log Kow + 2.37 
" r’ = 0.96 V 

3.8 ““‘“""""'_"7 WWW 
- 

' 

4.0 5.0 6.0 7.0 

Log Kow



_v 

:1‘

iH

8

x 
WW7 “mm "I

_ 
“Wm

_ 

__mM“__ 

W2
W 

MM5

M 
emu 

MM“:

_ 
n”

> 

WW3

> 

mmE”



Environment Environnem nt '|*| *5 Canada Canada
e


