
CORRESPONDENCE/MEMORANDUM State of Wisconsin 

Date: 

To: 

From: 

Subject: 

October 1, 1992 

Linda Talbot, WR/2 

Jim Kreitlow, NCD :JfK-, 

Sediment Sampling on Military Creek 

On September 28, 1992, Tom Blake and I collected sediment samples from 
Military Creek. We collected four samples (see attached map). The sites 
include: 

1. G-1-92 - Collected upstream from the pole drying yard (reference site or 
nonimpact site). 

2. G-2-92 - Collected downstream from the pole drying yard just below foot 
bridge above Highway "E" (impact sample). 

3. G-3-92 - Collected below Highway "E" downstream from the pole drying 
area (impact sample). 

4. G-4-92 - Collected 100 feet above confluence with North Twin Lake. 

Three composite sediment samples were collected at each sampling site. These 
composite samples were mixed and two subsamples of sediment were collected for 
particle size analysis and contaminant analysis. After each sampling site, 
the Eckman dredge and sampling utensils were washed with alkanox, rinsed with 
tap water, then triple rinsed with distilled water. These four samples will 
be analyzed for PCP, total organic carbon and particle size. 

We originally planned to collect five samples. We did not collect any samples 
out of North Twin Lake because of lack of organic sediments. Therefore, only 
four samples were collected (all from Military Creek). We will reserve 
sampling the lake until we find out what the results are for the stream 
samples. 

If you have any questions concerning the sampling, please contact me in 
Rhinelander (715-369-8947). 

JK:da 
Attach. 
cc: Larry Maltbey, Rhinelander 

Duane Schuettpelz, WR/2 
Duke Andrews, Rhinelander 
Bill Jaeger, Rhinelander 
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Military Creek Sediment Sampling 

1992 

Introduction 

Sediment sampling was conducted on Military on September 28, 1992, as part of 
North Central District's special project sediment monitoring program. 
Parameters to be analyzed for included pentachlorophenol (PCP), total organic 
carbon (TOG), and particle size. 

Purpose 

This impact assessment monitoring was conducted in response to suspected off­
site migration of contaminants from the now closed Christensen Wood Treating 
Pole Yard facility in Phelps, Wisconsin. This data will help both Water 
Resources Management and the Bureau of Solid Waste assess the threat to the 
environment and the need for cleanup at this site. 

Sampling Locations 

The following sediment sampling locations are shown on the attached map. 

1. Field G-1-92, Storet #643406 - Upgradient of pole yard drying area 
(reference site) 

2. Field G-2-92, Storet #643405 - Downstream of foot bridge below pole yard 
drying area (impact site) 

3. Field G-3-92, Storet #643404 - Downstream of Highway E below pole yard 
drying area (impact site) 

4. Field G-4-92, Storet #643403 - 100 feet above confluence with North Twin 
Lake (impact site) - Note: A sample was proposed but was not collected 
from North Twin Lake. 

Methods 

Three composite sediment grab samples were collected at each sampling site 
using a brass Ekman dredge. These composite samples were mixed and two sub­
samples of the sediment were collected for particle size analysis and 
contaminant analysis. After each sampling site, the Ekman dredge and sampling 
utensils were washe.d with alkanox, rinsed with tap water and triple-rinsed 
with distilled water. The reference site was sampled first and then{ 
subsequent samples followed preceding downstream. , 

'"-­
Results: Note: ppb = ug/Kg 

PCP 
1. 

2. 
3. 
4. 

Total 
1. 
2. 
3. 
4. 

mg of PCP/KG of carbon is a correction factor for the amount 
of total organic carbon. 

Field G-1-92 - Less than 20 parts per billion PCP (below detection 
level) 
Field G-2-92 - 50 parts per billion PCP/4.38 mg of PCP/Kg of carbon 
Field G-3-92 - 640 parts per billion PCP/5.08 mg of PCP/Kg of carbon 
Field G-4-92 - 30 parts per billion PCP/2.19 mg of PCP/Kg of carbon 

Organic Carbon 
Field G-1-92 - 224,000 parts per million T0C 
Field G-2-92 - 11,400 parts per million TOC 
Field G-3-92 - 126,000 parts per million TOC 
Field G-4-92 - 13,700 parts per million TOC 



'··•:· 

Particle Size 
1. 
2. 
3. 
4. 

Site G-1-92 - 22% sand, 
Site G-2-92 - 93% sand, 
Site G-3-92 - 37% sand, 
Site G-4-92 - 94% sand, 

51% silt, 27% clay, classified as clay loam soil 
3% silt, 4% clay, classified as sandy soil 
51% silt, 12% clay, classified as silt loam soil 
4% silt, 2% clay, classified as sandy soil 

Discussion and Recommendations 

Pentachlorophenol was found at all three of the impact sites ranging from 
30 parts per billion (Site G-4-92) to 640 parts per billion (G-3-92). The 
upgradient reference site was clean at a detection limit of 20 parts per 
billion. 

At a level of 640 ppb, there is some potential to adversely impact benthic 
organisms exposed to PCP's in pore water (Tom Janish, personal communication). 
Assuming a worse case of partioning and little dilution and mixing, PCP may 
adversely impact water column organism depending on pH (Tom Janish, personal 
communication). 

Upon discussing the site with Bob Young (Water Resources Biologist) and 
Duke Andrews (District Fisheries Management Supervisor), aquatic 
macroinvertebrate and fish (including trout) numbers in the stretch of creek 
are lower than you would expect to find. Is this due to PCP toxicity? This 
stream is classified as trout water. The above information is based on a 
field investigations. 

Fish from Military Creek were analyzed for PCP (collected in 1986). A small 
perch and burbot each contained 250 ppb PCP. This shows that PCP is 
bioavailable and moving into the food chain. 

North Central District will conduct further sampling of the sediments in 
Military Creek and North Twin Lake for other compounds such as copper, 
chromium, arsenic, PAH,s, diesel range organics and PCP. We will try to 
coordinate sampling with the Bureau of Solid Waste so proper chain of command 
and QA/QC procedures are followed. Sediment samples could also be archieved 
for future dioxin analysis (solid waste would fund if monies are available). 
A core sampling device will be used to sample deeper depths (higher 
contaminant levels?) and to identify possible stratification of sediment 
deposits, 

Perhaps this site would also be a good candidate for sediment toxicity 
testing. Sediment samples could be collected for laboratory testing or 
equipment could be set up in the field. 

JK:da 
cc: Joe Ball, WR/2 

Linda Talbot, WR/2 
Lee Liebenstein, WR/2 
Larry Maltbey, Rhinelander 
Duke Andrews, Rhinelander 
Tom Janish, WR/2 
Bill Jaeger, Rhinelander 
Bob Masnado, WR/2 
Connie Antonuk, Rhinelander 
Jim Hosch, Wausau 
Randy Falstad, Wausau 
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(10% decomposition within 5 weeks to almost no degradation (WHO, 1987). Of concern 
are the degradation projects of PCP which include such metabolites as various di-, tri-, and 
tetrachlorophenol isomers, anisole, quinone, hydroxy diphenyl ether. The conversion of 
chlorinated phenol to anisole may be of considerable environmental significance in aquatic 
systems (Pierce et al., 1980). -Toe enhanced hydrophilic nature of anisoles suggests a greater 
bioaccumulation factor over phenol, as well as longer persistence in organisms and sediment. 

Some identified contaminated sediment situations and causative phenolic compounds are 
listed in Table Phe-2. Because of their widespread and multiple uses, phenolic compounds 
are commonly found in municipal and industrial discharges'. Residues are generally lower in 
municipaLwastewat_er treatment plant effluents,.··_ Chlorinated phenols are commonly 
discliarged_Jroii frid.~s.Jrieli ~iiig_cNo.~3:~f§ii.' ai p~rI 'of th,~fr P~<i~s. chemis,tryf_ High . ! 

· chlorinated phenoroonceritrations· have beerlreported for effluents from pulp. and paper 
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mills, wood preseryation plan~ and. certain chemical industries. - The chl()rinated phenols : . . 
have been .. us$d asrni_crobi9cide.s.by;the pap_er.ind¥5try to keep _the microbial populati9ns in. : : . _:,~-, 

l;-~:;~~1=:rii~~~~i~j 
be produced by the chlorination. o · treated:_y.,astewaiers ··arid. drinking waters containing . . · · 

. :_-phenol (Callaha11:'e.tLaf,j~~-sri~.faJmeJpylph,~11gLi~_., f-()1:u1cij:r(the water_-runoff from asphc1lf - - . 
' -,.·· ..... •,·.-,:..a·,--.".,•c· ,·-:-c.,··.~-·.·c::s·>,·;',c·'•-'-,',+,,if'are'~wa·:- ---·--.-,·,·a.:-:,·· --,:•:· -.. , .. • ' • ~· ' .•.• , 

:na1s-Yanl 
~<"'c-'""--~c\i. ooarr~roa 
~ii~%ffr 
~it~ 
~ ,... • ~-i-'h..: -.~r..\.3-.tV. 

tis:some1 

-. ____ " _ .. .. . r.f~I@~~- ... __ . .-.- .. . . . .. . .. 
by~projecis· of -the -rriaiiufactiiring~ process.·/ Reieasro'f PCP'_ into.c.the aqiiatic-envir6nment may -- . ----. 

· also mea11 _the 'con._cu~rent rele~se of these- p~oduct_ impurities.·. _ .. 

~~ U.S. -~COE- :i::\~·;~:~:·years~~~~::~~;;;::tii~ ,:~::"~~~-~-:~lie compounds in 

association with their dredging maintenance projects in the Superior-Duluth Harbors and St 
Louis Bay and River Channels. Table Phe-1, Column 5, cont~'\ins their detection limits for 
these specific phenolic compounds. Table Phe-3 contains the historical phenolic 
concentrations found in the ACOE sediment sample results fr,r \·~rious segments of the 
Duluth-Superior Harbor. 

- . . . . 

The only phenolic_compounds that the:A,C:::QE f9u~d ... _ti'l>_q\'e tht.'ir_ detection limits \Vere for 
the individual compound phenol and totafpheriOisf The indhiJn:\l· phenolic-compounds. are. 
analyzed for utilizing a gas chro~atography procedure. Total }'h~nols is the r~sult. of 

-·- -----------analysis using the 4-AAP (4-aminoantipyrene) colorimetric m.:-::1-,J. The analytical 
procedure measures the color development of reaction produ;:s between 4-AAP and some 
phenols. Because many phenolic compounds do not react. •·r,,:;~; phenols" does not 
represent all phenols. 

The 4 A.AP method does not determine those para-substituk'-.': :'hcnols where the 
substitution is an alk.-yl. aryl, nitro, benzoyl, nitroso, or aldehy·,:k ::,roup. Because of this, 
2.4,6-trichlorophenol, 2-nitrophenol, 4 nitrophenols, 2,4-dinitr ,":'-hcnols and 
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al., 1981) were not in the immediate upstream-downstream region of the WLSSD discharge 
point. A repeat sampling of the same eight widely separated 1977 sites, post-WLSSD start­
up would be needed to confirm if levels of PCP are lower and if the decrease could be 
attributed to WLSSD treatment of wastewater. The Bahnick et al. (1981) study found PCP 
in the sediments at a control site_ in Lake Superior, 6 miles north' of the Superior Entry, at a 
concentration of 1.2 ug/kg. The concentration of total phenols in sediments at a-nurnber of 
_sites in this same study is shown in 'f.able, P~e-5; · 

. System-wide and upriver sediment samplingperformed by the MPCA (1979) at 25 sites 
yielded PCP values that ranged from 3.0 ~ 130 ug/kg (Table· Phe-6). Some of the higher 
values for PCP were from sediment sampling sites near the discharge outfalls of the 
Superior Wastewater Treatment Plant (120 ug!k:g) and the WLSSD plant (130 and 48 

_._ ug/kg).. : •. .. ' - :i;':::-" '.i)\?:t:;;, . . . : ' .~'.c:}::t;ii1t%iJf .£:} -

I 
·,.,.,-1 

- . 

I 

I 
· Some of the lowest valu:5 we:e8Ssocia:ed,wi~ samj,l~~ sites ~-o\1~~1' ., • 

a) Protection of human health based, on ingestion of aquatiS,'?~gan_isJllS and wat.er~ _ 

and :rele~e ~f neutral hydroph?bi<.o~a~s-~h~~cafa-&f~edfaj~h( C?rja.I?l~ -ca~bori°:' Wat:r . . . - . - I 
quality cntena_ are used to denve se!d1II1ent. qt1e11ity,yall!e§:J,The,. phy5.1CC?,chenucri! properties 

- of phenolic· compounds: to dissocfatif'fa: ioiiize?ar: incteasing"pH :·yiith'.si.ib'sequen( cliariges. in-: .. 
its hydrophobicity make the-EqP approach'difficult to ·apply for reliably predicting pore 
water concentrations of the compound and toxicity to benthic organisms and potential for 
release to the overlying water column. The-role of pH in organic molecule-sediment organic 
matter interactions for phenols is likely to be complex and needs_ detailed investigations 
(Issacson and Frink 1984). Issacson and Frink found that a significant fraction of phenol, 2-
chlorophenol, and 2,4-dichlorophenol were irreversibly held by the sediment fraction due to 
hydrogen bond interactions. The bonding depends on theamount __ ~nd_ nature of the organic 
matter associated with the sedimen~;. Sorptioft'of the:phenols:was'.-gi-eatet' than:"jexp-ect'ed~::~ - -­
from just-hydrophobic partitioning reactions:::_ - -=-'-//:_;;:_:,i:::·--· --~ · · ?·ti~-i~,-;:.:-·, · - · 

- . . -
In attempting to apply the EqP approach to developing sediment quality assessment values 
(SQAV) for PCP, the octanol-water partition coefficient as a function of pH has to be 
considered. In applying the EqP approach to developing the SQA V for PCP, the 
assumption has to be made that the water column-sediment compartments all have 
comparable near neutral - pH chemistries and that this pH remains relatively constant. In 
reality changes in pH in the environmental compartments would likely affect the 
hydrophobicity of PCP and the undissociated/dissociated forms, making the predictions of the 
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concentration of PCP in the sediment pore water and sediment/water column interface 
uncertain. Tiie partitioning of organic anions to natural sorbents is believed to be 
influenced significantly by both hydrophobic and electrostatic interactions (Jafvert et al., 
1990). 

® 

If the plf of the sediment-water column were· to remaiii: at near neutral pl!' and possible 
influencing interactions are ·not considered, Table Phe-7 shows the concentr~tion·o~ PCP: iri -
the sediments, depending on TOC content, that would_ be necessary to order to protect · -- --­
aquatic organisms (chronic toxicity criteria) and human health concenis:-Tiie SQAY based 

-- on the site specific TOC concentration would not allow PCP- to partition from the sediments 
to sediment pore water and overlying water column in amounts greater than the water 
quality criteria -in NR 105, _ Wis. Admin. C:ode. Based on Table Phe-7, the most stringent _ 
SQA V: for PCP_ would. be _71.2 -ug/kg -assuming tlie: lowest•_ TOC !Il: se@rient and- th~tneeci to -
protect benthic and water column organisms fron{ cnrbnic toxicity/ - · . - ' - - --

. - ... 
. -·- --- ------ -~ 
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Table Phe-0. MPCA (1979) System-wide Sampling of the St. Louis River Bay and 
Tributaries for Pentachlorophenol (PCP) in the Sediments 

@J;i 
Latitude/Longitude 
Locator · Area Description 

\ . 

Sample 
Identifier 

(ug/kg) PCP 

46 41 45 92 00 27 Alloue~ Bay _____ SL126.·· · ~ 
46 44 39 92 04 43 Superior Bay · SL123 15.00 
46 43 42 92 04 04 Superbr Bay at Superior, WI SL124 120.00 

I 
I 
. 't" 

I 
·46 43 48 92 03 30 Superior Bay .5 mi.NE of WI SL125 17.00 · 1· 
46 45 23 92 06 53 St. Louis Bay .8 mi __ SE ofD,uluth SL121 · 48.00_ ,_... . i . . 

... 46.45· 7 92 0 07 ·. S ·Lo. B · . ··sE··'fD·u1··' h·· SL. ·o·:, <a·,.. 13000.,.- (c,.-,.,,:· ........ ·.,, .. . ,,, . 2. 7 _ ~- t; ms ay.·.5 m1·. :O, .. ut : _. 12 ~~•,1. . • _ ,:·'·/ ::·::_ · 

.. 46 44 17 92 07 50 St. Louis Bay 1.5 mi E of Duluth . SLl 19 . "53.oo· · .... : · . ·. . ~,· 
-· 46 43 06 92. 08 45 St. Louis- Bay· lmi SE of Duluth - : : · · SL118 - > .'.:' 22.00 ... -' .· : 

. 4§ Al.32 9_2 _lt50_ . St._Lou~ Bay_2.mj NE·of Gary _ __ . SL113 ... _ . -~- .: 8.00_ :. .. _,_ 

·. ·~=_·:,~-~,~;-~ 1!-'{,:~tp~;f:latirrutiri~r\YI?::: ·· •,~ti}~_::· .. ·· :·--i~·::~,-- ... ·····•:o·:~: 

!if :itirtii!~itiiilf tll 
~-6· :3' g: 46 .. , ":92'~ 1· ·6t3 ... 0 .. : \:::rs· ·?/,-''5:.''"..-.~ '": ·2··•=5"1"'. ;fs"'~Y,f "''2' 
-t. , .. ,. , .. .· .-\·.,:,:,,~- L-,LUUIS_, , 2.mL .. Y.Y.~,Ou 

~;~;i_~ir~-,Jf ~t~~!\lilli 
~- 38 30 92 · 2t 22. ~:~';'::SilvetlC~at,Ja X Cooket . . .. .. . . .. •·•· ........... ·-.··· ·:•·~ Y: .............. _ .. 
46 42 37 92 25 08 St. Louis .5 ini E·of Scanlon, at Dam · SL106 · 37.00 
46 63 33 92 26 58 · St. Louis at Knife Falls .- . .. .. SL105 29.00 . 
47 28 51. 92 02 20 . St. Loli~ 5.5 mi sE of Hoyt'Lakes ::: >·sr.,104; .• . . 3.00 
47 15 00 92 48 33- Swan River 5.5 mi N of Tiovola SL103 

... •· J ... 

47 31 38 92 07 21 Partridge River 1.5 NE of Hoyt Lakes SL101 5.00 

I 
(ppb) 
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Table Phe-7. Sediµ1ent Quality Assessment Values (SQAVs) For Pentachlorphenals 

Developed Through Use of the Equilibrium Partitioning Approach and 
Water Quality Criteria as Contained in NR 105 Wis. Adrnin. Code. 

Perc.ent Total Organic Carbon 
in Sediment Samples 

SQA V for PCP Needed to 
Protect Benthic Aquatic 
Organisms.· Based on Water 
column Chronic Toxicity 
Criteria .in NR 105 Wis. 
Admin. Code ( ug/kg) . 

SQAV for PCP Needed to 
Protect Human Health Based · 
on Human Threshold Criteria 
in NR 105 Wis. Admin. Code 
(ug/kg) .. 

. ,., ... ,.,,,.,.,·, :·~ .;,, -. : . 

0.5 71.0 .·· . . 6919.8 
1.0 ,,C' 142.40 ,, · .. - - ;_ ·· 13839.6 

8.o )1??22:;.faf,x:·," 
9.0. 1281.60 ,.::-:;. 

Sediment Quality 
Criteria 
( ug PCP /Kg OC) 

< - - . . . ,- . 

Water Quality · 
= Criteria X 

(ug/L) 

Water Oualitv Criteria - NR 105 

KOC 

-·Aq1.iatic Organisms - dironi'c Toxicity Criteria 
Human Health Concern -

141 

7.82 ug/L · · 
·760 ug/L 

. o;gacic Carbon 
X ·.· Content of sediments 

expressed as a 
decimal 
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CORRESPONDENCE/MEMORANDUM State of Wisconsin~ 

DATE: 

TO: 

FROM: 

February 7, 1990 

Larry Maltbey - NCO 

Bruce Baker - WR/2 

Sediment Quality Criteria for Pentachlorophenol 
Related to the Semling-Menke-Company Contaminated 
Groundwater Inflow to the Wisconsin River 

FILE REF: 3200 

,-,_ At the,request. of,NCDO the __ in-place::pollutant staff:_hay_e,developed_,,s_ediment 
--· ~:~q{iaii.ty/hriteria~ far: p;~fachior1ph~riol ;;tihe·\1~veioped-cri. teria ai'~ngiwith 

procedures and rationale for -the,_crit:eria are attached. _ Sediment qu~lity .. ·.· _ 
- - criterf~f- are -base-d on:a:n<S:ppro'acl{u·: s·:- EPA--has: developed and is refining that: -

..•. -·. appliesian,equilibrium pa.rtition:i.ng'.inei:h.ociffor; deri"ling criteria. for._nonpolar 

'?~~i~~;i~!~~~,1~1~~~-llltt~l~!!!:t~~:f ~::~~~!~~cf ~ii~~~~r;~~;~;;ij;;:; 
· - and NR 105,- Wi:-!:fcorisin-Aclininistrative Code~ ~-- Assumli:1g no -othEfr inputs of -
· .•• - ct6nt.3Jllj_rtants}througliigrciundw~ferii~fi~wf/'succes~luF remediation of :tn-place: ' 

peritachlorophenol-in:-: thei.'ieciime:nts'( to- the~; tevels- of:: the-· attached criteria 
···. :· .. • ::.;.:-- ..;·..; ,-,)=.~,.,;._., .- -_,_•;" 1 -.-: ; .. '.:.·,.;~:>·····__: ;~~\?fi!.a;..:.i::.z-t~~::s-~~,;i3:J:>½:i_iij-;i::-.::?i;££.~~u .. \::.;:~~·~; 'j:::,:J:· ..:1 ::~;;:._::.~.s: i.<~·• .. 1· __ -·~.,'.\y~it:'i•~:. ~·,.,,,:~)~r:f;;'.::::i~~i~,:.'.'1_.,..:~"'i:'::.'·-/. ~: · ·· ·· •· -, ..... :: 

TPJ :jk\pc23 
d:\9004\wr9sedst.tpj 

Attachments 

cc: Bill Jaeger - NCD 

, .. ~. ,r ..... • • .• -. · .• ,._ ,. __ • ~· ' ••••• 
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Comments on Approach Taken to 
Derive .. Sediment Quality Criteria 

. for Pentachlorophenols ·.· . 

Sediment quality criteria were developed for pentachlorophenol (PCP) utilizing 
an equilibrium partitioning approach (EQP). The approach was developed and is 
currently under review:_ by U.S. EPA. The. approach is base_d, on· the. established 
characteristics of organic compounds to partition b~tween an organic solvent . 
and water at a constant ratio .. This physicoche_I!licai/rii'~'t'ionship/:i.S:?rt·.:C;,•·' '. 
extrapolated .to natural conditions by relating the."so'rpE:(bri' c,f:'or"giiriic ··:c::··'·:, 
compounds to sediment- particles containiiig organic' carbon· present in' 
organic matter. ·· · ; .-,/t::: '· · · 

~· -.,_· 

That portion of the organic chemical compound that ii~'i
1
~\:titio~ed to: the 

. :::::;~J::~eb::~~~c_!J:r~;~_~::~:.;:~=u~~:~-=-~=-~~~~~~f~½1ti¾~~6~~~~g~;1~-:-:~._:;;:':·-~;;:·:·:~;~~jt::&~i2L1 
compound as water column organisms used to develop,-~hef~_oxicologicaL data base, . 
for :water quality, criteria; · Water quality criteria~\ir1fiis'ec1/toi'di'r'rve·:~</·'C"'•·· 

,,,;3j~,,j~3~~~~~~!Si~itltil~~J~~f ~l!~l■II\?!~;::~~::'.;:;: 
constant charact:e"ristic:· or' a 'specific coinpoun·d:':anc:f='can\~ef fotiri.d'-iri stand.a rd ·,.. ' - -. . , .. 

· - ·chemical references and technical· papers·~:. Any,~~[a:ri~i~Zv.~~,~~:·i~~~(_n~ed~,_;_fij 

~t!t!~~jlfif 
~~tii~~i,~1Je~~ 
o~~hemfi~"a.E~facfi 

-'.'!c±;~~~J".i~1
~~

2
~~~~~{ f !lf ~~~1'Y•">•~\t,g>~~1~~Bg:,jj~~f-G' . __ · __ 

T!'ie '. EQP: approach used to describe. the- ~orptioff of, °-"e_1._1.t:_:t;,!iJ;i)'_'r1ycl;-_cjph,_C>bic:c:org~nic:L 
~hemicals by natural sorbents is applicabl"e oniyfto'.t~)11}iti.tedTair_ee) to_ organfot· 
compounds which dissociate or ionize at natufa_i_sJ,:K::v~~u.~ftfutile.~.13?appr°opriate·>- . 
considerations are made. Phenolic compounds diss·ociate0

' based on?pH .. - .. 
Chlorinated phenols are hydrophobic weak acids. Because of. this. 
characteristic, calculation of water quality criteria for.PCP is based on 
consideration of the natural pH present in surface,water~ ... _ .. 

:,',.·. 't:·-~-- :·~t~tf~}~(~L> :.-1 
I 

The Ka., value for PCP in most standard chemical· refer°erice~ text, and technical .... 

. ~~~=~·~~~i:nv~!~:-~~~~h~~-•-·anr;;:.~:-~~~ a;E~~~f'.~tgtir~~ i~~l~~~~~~~~?rt~::~~ ~-~:-}~-,-:~~.:;[:~;~~-} 
in the ·solution. "Predictions of the over'a.11:dtsfril:futfc>"Wratfoii'ffased on-'·:":<·."0

·:·'··--" • . 

simple -partitioning of nondissociated specie;::.::ari-'I'eri:'erlfiy;="fn: ;ifrroi< One .. " . 
study that examined the apparent octanol-water portion· ·c-oefficient of PCP as. a 
function of ,±1 found the following relationships: 



Pctanol-Vater Partition 
Coefficient (IC_) 

4.84 
3.56 
3.32 
3.86 

2 

:RH 

1. 2 
6.5 
7.2 

13.5 

In calcula~ing sediment quality criteria on the attached pages, a Ka... value of 
3.32 was used as it relates to a pH (7.2) that is comparable to the pH in the 
overlying water column (7.0). It is assumed that the surface water - sediment 
- groundwater compartments all have comparable near-neutral pH chemistrys. 

To identify that the partitioning approach establishes adequate cleanup levels 
and relevant sediment criteria for PCP, we recommend that the criteria be 
supplemented with bioassays, studies of the benthic infaunal community, and 
sediment chemistry. 

Remediation of PCP-contaminated river bank s~diments should be preceeded by 
the cleanup and/or discontinuation of the contaminated. groundw-ater flow toward 
the river. Removal of contaminated surficial sediments, bedded-sediments and 
possibly underlying substrata materials and replacement with clean natural 
materials may need to· be considered. A necessary' buffer zorie rieeds to be 
created to ensure PCP in deeper strata and soils does not continue to be 
transported to the sediment-water interface, The armoring or placement of an 
impenetrable barrier_ over __ the impacted. rivercbottom. area .either~·.alone or,. in ·-c' -

conjunction with excavation and: clean fill replacement is an·o-ther ·approach to 
consider. The armoring of the bottom sediments should provide a more 
substantial• barrier than only riprapping:. place111ent - to:: prevent·c transport and 
release of PCP from and through the sediments'fo the overlying wate:i; column. 

d:\9004\wr9sedst.tpj 
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Procedures and Values Utilized in Calculating_ 
Sediment Quality Criteria For Pentachlorophenol 

in the Wisconsin River; Semling - Menke Co., 
Merrill; Contaminated Groundwater Inflow 

1. Water Quality Standards for Pentachlorophenol (PCP) that Apply to the 
Wisconsin River Based on NR 102 and NR 105, Wis. Adm. Code 

a) Human Threshold Criteria - 840 ug/L 

b) Threshold Concentration Causing Taste and Odor in Water - 30 ug/L 

c) Chronic Toxicity Criteria (CTC) 

CTC = e(V(pb) + In CCI 

pH Wisconsin River at Merrill - 7.0 
CTC = ecioos x 1.0. 4.9779) . 

* CTC = 7.82 ug/L 

* PCP CTC of 7.82 ug/L is the most stringent value, therefore it was 
used to derive the sediment quality criteria for 
pentachlorophenol applying the formula in the attached 
Figure 1. 

2. To derive the particle organic carbon normalized partition coefficient 
(Koc) needed for the. formula in Figure,.Lto. calcul_ate sediment quality 
criteria, the above discussed Kow value (PCP.octanol/water partition 
coefficient) of Log Kow = 3.32 was used in the following formula (also in 
Figure 1): 

Log1o Koc 0.00028 + 0.983 Logw Kow 
0.00028 + (0.983) (3.32) 
0.00028 + 3.26 
3.26028 

Koc= 1821 liters/Kg OC 

3. Insertion of the above Koc value and the Water Quality Standard into the 
Figure 1 formula are as follows: 

Sediment Quality 
Criteria 

(ug PCP/Kg OC) 

Sediment Quality 
.Crit-eria 

WQS 
(ug/L) 

x Koc 
L/Kg OC 

7.82 ug/L x 1821 L/Kg OC 
14,240 ug PCP/Kg OC 

4. To derive site specific sediment quality criteria, t~e 14,240 ug PCP/Kg 
OC value needs to be multiplied by the concentration of Total Organic 
Carbon (TOG) found in sediment samples taken from the Wisconsin River in 
the area that is being impacted by the groundwater inflow that is 

--·~· ... _.,._ ......... _., ._ ~-- ........... ._.,_ --···· .... - ... ', •· .. ,., ......... --· - - .... ,. ·--·--- ,. 
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contaminated with PCP. The TOG.value is the foe component in the 
Figure 1 formula needed to calculate site specific sediment quality 
criteria. Analytical results for TOG can be reported as a percent or 
concentration. Some interrelationships of expressing TOG values are as 
follows based on an example concentration: 

10,000 ppm TOG= 10,000 mg TOG/Kg sediment 

1% of sediments due to particle organic carbon weight fraction 
0.01 kg OC/Kg sediments= foe 

5. Applying the formula 

Sediment Quality 
Criteria 

7.82 ug/L x.1821 L/Kg x foe (Kg OC/Kg sediments) 

and using a range of foe values that are representative of the TOG 
concentrations that may be present in the Wisconsin River sediments; the 
following site specific sediment quality criteria were calculated: 

Percent Total Organic 
Carbon In Sediment 

SamQles 

0.5 
1.0 
2.0 
3.0 
4.0 
s.o 
6.0 
7.0 
8.0 
9.0 

10.0 

Site. s·pecific Sediment 
Quality Criteria 

(ug PCP/Kg Sediment - dry weight) 

7.1.20 
142.40 
284.80 
427.21 
569.61 
712. 01 
854.41 
996.82 

1,139.22 
1,281.60 
1,424.00 

PCP analytical results from sediment samples can be directly compared 
with the sediment quality criteria in the table based on TOC content of 
the samples. The comparison will determine whether or not the PCP levels 
in the sediments meet the sediment criteria. 

The site specific calculated· sediment quality criteria are above the 
Method Detection Limit of 20 ug/Kg reported by the State Laboratory of 
Hygiene. 

pc25 
d:\9004\wr9merrl.tpj 



Figure 1. 
Formulations and Calculations 

Used in Deriving Sediment 
Quality Criteria 

A SQC = WQC x Kx: x foe 

where: 

SQC = Site specific Sediment Quality Criteria for a pollutant. If the calculated sediment 
criteria are exceeded, there is a potential for the interstitial water concentration of 

· the pollutant to exceed the Water Quality Criteria. SQC expressed as ug/Kg. 

WQC = Water Quality Criteria - can be _derived from published aquatic - life water quality 
criteria or human health criteria documents, or criteria promulgated in regulations 
or codes (e.g., NR 105, Wis. Adm. Code). U.S. EPA (1988) in developing interim 
SQC uses chronic water quality values because it protects aquatic life from effects 
due to long-term exposure to contaminated sediments. WQC expressed as ug/1. 

Kx: = Organic carbon partition coefficient.·• Kx: is a measure of relative sorption potential 
for organics. Kx: indicates the tendency of an organic chemical to be adsorbed and 
it is largely independent of soil properties. 

Kx: = mg adsorbed/Kg organic carbon 
mg dissolved/liter solution 

Kx: = liters/Kg 

For non polar organk contaminants, the prfrnary sorbent is the organic carbon on 
the sediment. The higher the Kx: value, the greater the affinity for the nonpolar 
organic compound to concentrate in organic matterin sediments and in lipid 
deposits of biota, and the lower the solubility_in water. · 

Where the Kx: value is unknown for a compound, the octanol-water partition 
coefficient can be used as a surrogate to derive a Kx: value by use of the following 
formula. (U.S. EPA, 1986): 

Log10 (Kx:) = 0.0CX)28 + 0.983 X Log10 (K.:,,,.,) 

foe = Fraction of organic carbon found in sediment samples expressed as a decimal. e.g. a 
Total Organic Carbon test result of 32,()(X) mg/Kg = 3.2% = 0.032=0.032 Kg of 
C/Kg sediment. 

B. To find the interstitial water concentration (IWCO) of an organic contaminant to compare with 
the WQC criteria value, with a known sediment concentration and organic carbon percentage, 
the following can be used (see tables 6-19): 

IWCO (ug/L) = Sediment Concentration (ug/Kg) 
Kx:·x foe 

Where the IWC0 exceeds the WQC, the SQC value is also being exceeded. 

v:\9004\wr9forml.tpj 
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2. l. 2 Sodium pentachlorphenate (Na-PCP) 

Chemical structure: 

Molecular formula; 

Co1111110n synonyms; 

Comon trade names: 

GAS registry number; 

ONa 

c1rryc1 
Cl~CI 

Cl 

C6Cl5ONa 
C6Cl5ONa•H2O (as.monohydrate) 

penta-ate; pentachlorophenate sodium; 
pentachlorophenol, sodium salt; 
pentachlorophenoxy sodium; penta­
phenate; phenol, pentachloro-, sodium 
derivative monohydrate; sodium PCP; 
sodium pentachlorophenate; sodium 
pentachlorophenolate; sodium penta­
chlorophenoxide 

Albapin; Cryptogil Na; Dow Dormant 
Fungicide; Dowicide G-St; Dowicide G; 
Napclor-G; Santobrite; Weed-beads; 
Xylophene Na; Witophen N 

131-52-2 (Na-PCP); 
27735-64-4 (Na-PCP monohydrate) 

2.1.3 Pentachlorophenyl laurate 

The molecular formula of pentachlorophenyl laurate ie 
C6Cl50COR; R is the fatty acid moiety, which consists of a 
mixture of fatty acids ranging in carbon chain length from 
C6 to C20, the predominant fatty acid being lauric acid 
(C12) (Cirelli, 1978b). 

2.2 Impurities' in Pentachlorophenol 

Technical PCP haa been 'shown to contain a large number of. 
impuritie1, depending on the manufacturing method Ctect ion' 
3 .2.1). These con1ist of other chlorophenole, particularly· 
iso.eric tetrachlorophenols, and several microcontaminants, 
mainly polychlorodibenzodioxins (PCDDa), polychlorodibenzo­
furana (PCDF11), polychlorodiphenyl ethers, polychlorophenoxy­
phenols, chlorinated cyclohexenons and cyclohexadienona, 
hexacblorobenzene, and polychlorinated biphenyls (PCRs). 
Table 1 presents .analyses of PCP formulations taken from 
aeveral publication,. According to Crosby et al. (1981), the 
quality of PCP ie depends on the source and date of manu­
facture. Furthermore, analytical reeulta may be extremely 
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variable, particularly with regard to earlier results, which 
should be considered with caution. Jensen & Renberg H972) 
detected chlorinated 2-hydroxydiphenyl ethers, which obviously 
may transform to dioxins during gas chromatography, thus 
giving a false indication of a higher level of PCDDs. Unlike 
these "predioxins", other isomers are not direct precursors of 
dioxins, and are labelled '•'isopredioxins". · · 

In Fig. 1, the structures and numbering system for the 
polychlorinated dibenzodioxins (PCDDs) and dibenzofurans 
(PCDFs) are illustrated. 

g 0 1 g 

:~~: BM2 
7 3 

Clx 6 O· 4 Cly Clx 6 0 4 Cly § 
PCOD1 PCOFs ¥ 

Yi&• l. Structure• and nuabering oy ■ tem• for the polychlorinated diben:i:o­
dioxio• (PCDIJ•) and dibenzofuran• (PC!JF•>· From: Rappe et al. 
(1979). 

Since the toxicity of PCDDs and PCDFs depends not only on 
the number but also on the position of chlorine substituents, 
a precise characterisation of PCP impurlt1.es is· essential. 
The presence of highly toxic 2,3,7,8-tetrachlorodibenzo-..e_­
dioxin (2,3,7,8-T4CDD) has only been confirmed once in 
coumercial PCP· samples. In the course of ·a collaborative 
survey, one out of five laboratories detected 2,3,7,8-T4CDD 
in technical PCP and Na-PCP samples at concentrations of 250 -
260 and 890 - 1100 ng/kg, respectively (UIIIWeltbundesamt, 
1985). Buser & Bosshardt (1976) found .detectable ·amounts of 
T4CDD (0.05 - 0.23 mg/kg) in some samples of different 
technical PCP products, but on re-analysis were unable to 
confirm the compound I s identity. In other cases, T4CDD has 
not been identified at detection limits of 0.2 - 0.001 mg/kg 
(Table 1). 

The higher polychlorinate<l dibenzodioxins and dibenzo­
furans are wore characteristic of PCP formulations. (Table 1). 
ltexschlorodibenzo-_e-dioxin (llt,CDO), which is also considered 
hi11hly toxic and carcinogenic (uection 8), was found at levels 
of 0.03 - 35 mg/kg (Firestone et al., 1972), 9 ·- 27 mg/kg 
(Johnson et al., 1973), and < 0.03 - 10 mg/kg (Buser & 
Boashardt, 1976). According to Fielder et al. ( 1982), the 
1,2,3,6,7,9-, 1,2,3,6,8,9-, 1,2,3,6,7,8-, and 1,2,3,7~8,9-
isomers of Hf,CDD have been detected in technical PCP. The 
1,2,3,6,7,Sand 1,2,3,7,8,9-Hf,CDUs predominated in coounercial 
samples of technical PCP (Dowicide 7) and Na-PCP. Octachloro­
dibenzo-£_-dioxin (OCUD) is present in relatively -high amounts 
in unpur1fied technical PCP (Table 1). 
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Recently, the identification of 2-bromo-3,4,5,6-tetra­
chlorophenol as a major contaminant in three cOOE1ercial PCP 
samples (ca. 0.1%) has been reported. This manufacturing 
by-product has probably not been detected in other analyses 
because it is not resolved from the PCP peak by traditional 
chromatographic methods (Timmons et al., 1984). 

2 .2 .1 Formation of 
decompos won 

PCDDs and PCDFs durin~ thermal 

The therma 1 decomposition of PCP or Na-PCP yields 
significant amounts of PCUDs and PCDFs, depending on the 
thermolytic conditions. For pure PCP, dimerization of PCP has 
been-suggested as an underlying reaction process; in technical 
PCP,' additional reactions, i.e., dechlorination of higher 
chlorinated PCDDs and cyclization of: predioxins are involved 
in forming various and different PCDD isomers (Rappe et al., 
1978b). 

Pyrolysis. of alkali metal salts of PCP at temperatures 
above 300 •c results in the condensation of two molecules to 
produce OCDU. PCP itself forms traces of OCDD only on 
prolonged heating in bulk and at temperatures above 200 •c 
(Sandermann et, al., 1957; Langer et al., 1973; Stehl et al., 

•··1973). 
Although present in original technical PCP products, a 

.number of PCDDs,· other than OCDD, are generated during thermal 
decomposition (290 - 310 °C) in the absence of oxygen 
(Table 2) (Huser, 1982). 

a 
b 
C 

Table 2. · PC!JIJ& (mg/kg PCP) in lhe pyrolyoate of technical PCP 

and Na-PCP! 

2,J,7,H-T4C!lO 
1,2,J,7,ts,9-1~,cuo 
I ,1,],u,7,8-1~,CIJU 
Totul 14,(;!JIJ 
ll1CUU ' 
0CD0 

From: Uuacr (1982). 
IJetection limit (l wg/kg). 
Ucteclion limit (U.15 wg/kG)• 

PCP 

_b 

53 
bb 

455 
~WO 

15 000 

Ha-l'CP 

_c 

2.1 
0.95 

l0 ,5 
b5 

200 
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The thermal conversion of organochlorine compounds, e.g., 
polyvinylchloride and polyvinylidene chloride, can be a source 
of atmospheric chlorophenols including PCP (Ahlborg et al.;, 
1986; Dougherty, 198&~). 

Other co1m1on methods of waste disposal such as deep-sea or 
deep-well disposal, landfill sites, or open pits should not be 
considered as a means for disposing of PCP-containing wastes, 
because of the mobility of PCP (Powers, 1976; Crosby et al., 
1981). 

~ Personal C0111111unication to the Task Group on Pentach loro­
phenol. 
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5. ENVIRONMENTAL LEVELS AND HUMAN 'EXPOSUR.E 

5 .1 Environmental l,evels 

5.1.1 Air 

Whil'e PCP concentrations in the air at induetrial aitea 
and in•rooms contaminated with PCP have been reported (section 
5.2);/there is apparently little information on, PCP levels in 
the ambient air. 

· Cautreela et al. ( 1977) sampled airborne particulate 
~atter'. near La Par;, Rolivia, at an altitude of 5200 m and in a 
·reside~tial city area of Antwerp, llelgium. At a detection 
· limit•:'.of 0~02 ng/m 1 , the atmosphere of the Bolivian mountain 
rur~l~tarea contained 0.25 - 0.93 ng/m 1 and that of the 
Antwerp, urban area 5.7 - 7.8 ng/m' air, respectively. Hore 
recent· analytical results (Bundesamt fur Umweltschutz, 1983) 
showed PCP air concentrations ranging betwe~ri 0.9 and S.l 
ng/m':in Switzerland. 

The ubiquitous occurrence of PCP in ambient air can also 
be shown from rain water and snow analyses. Rain water 
collected in Canada (Jones, 1981), Hawaii (Bevenue et al., 
1972) and West Berlin· (Rosskamp, 1982) contained between 0.002 
and 0~3 µg PCP/litre •. Water melted from snow in southern 
Finland revealed PCP concentrations 0£ 0.1S and 0.98 
!€/litre, ·respectively. PCP fallout as calculated from 

·.Finnish snow samples ranged from 1.49 to 13&.0 µg/m 2 

(Paasivirta et al., f985). 

S.1.2 Water and sedimenta 

Levels of industrial and municipal discharges in different 
countries are shown in Table 13 (section 4.4.2). Municipal 
sewage discharges contain PCP concentrations at levels 
comparable with those in surface waters. However, wood­
treating factories may contribute substantially to the PCP 
load ·in surface vaters, which ranges from non detectable to 
10 500 µg l'CP/ litre (Table 14), depending on the extent of 
pollution by different sources. 

The majority of the water samples analysed for PCP con­
tained less than 10 µg/litre, most contained less than l µ 
PCP/litre. The extreme PCP levels of up to 10 500 µg/litre 
reported by Fountaine et al. (1976) vere found in a highly 
polluted stream near an industrial area in the vicinity of 
Philadelphia, USA. . 

Ernst & Weber (1978b) calculated the P'cP input into the 
German Bight via the river Weser to be of the order of 1000 kg 
per year, assuming an average PCP level of 0.1 µg PCP/litre-
and a water flow· ol 300 m 1/second. Taking an average 
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Tablt 14. PCP concentration• in·aurface vatera'of different countriea 

Country 

Canada 

Surface water 
and location 

Freah-water ■ itea in 
8ritiah Columbia (BC) 

Harin~ aitrft in BC 

Ger.any, Wea~r river and estuary 
Federal 
Republic of Gennan Bight 

Japan 

Ruhr river 

Rhine river, Cologne 

Tama river, Tokyo 

Sumida river, Tokyo 

River water, Tokyo 
area 

Netherlands Rhinr river 1976 
Rhine river 1977 
Rivrr Heuer 1976 
kiver Heuse 1977 

South 
Africa 

Sveden 

USA 

124 sampli~g points 

River water dovnatream 
from pulp miil 

Lake receiving dis­
ch11rgea 

Willamette river 

Highly polluted stream 
near Philadelphi~ 
- factory location 
- downstream 

Estuary in the 
Galveston Bay, Texas 

Pond in Hiaaieeippi ~on­
taminnteJ by wnst~ from 
pule-trcatme,1t (>lanL 

ND• not detectable. 
Hax. • maximum.values. 

PCP ( i,g/ litre) 
(range, mean) 

trace - 0.30 

NU.!! - 7. 3 

0.05 - 0.5 

< 0 ,002 0.026 

<O.l-0.2 
(0.1) 

0.1 

0. l - 0 .9 
0.01 - 0.09 

l - 9 

0.18 !. 0.14 

Hnx.!!.2.4 (0.7) 
Hax, 11.0 (l.l) 
Hnx.· 1.4 (O,J) 
Hnx. 10,0 (0,8) 

ND - 0,85 

9 

0.1 - 0.7 

4500 - 10 500 
4') - 240 

ND - 0.01 

< I - 82 

Reference 

Environment, 
Canada (1979) 

Ernat 6, Weber 
(19711b) 

Diet,: & Tra.ud 
(1978b) 

Fischer & Slem­
rova (1978) 

Hataumoto c·t 
al. (1977) 

Hateumoto 
(1982) 

Wegman !. 
llohtee (1979) 

Van Ren•burg 
(1981) 

Rud ling (1970) 

Buhler et a L 
(1973) 

Fountaine et 
al. c 1n&) 

Hurray et al, 
(1981) 

Pi~rce r.t a I. 
( 1977) 

•,l~:r. 
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concentration of 0.5 1,1g PCP/litre in the 1urface vater1 of 
the Federal Republic of Germany (Foquet & Thei1en, 1981), the 
total load in all surfsce vaters of the Federal Republic of 
Germany vas estimated by Fischer (1983) to be in the range of 

· 60 tonnes per year, of which 30 - 40 tonnes are transported by 
the Rhine.river. ' 

Wong & Cro1by (1981) reported PCP concentrations ranging 
from 1 to 800 1,1g/litre (average, 227 11&/litre) in the 
surface pond water near a local wood-treatment factory and of 
about 20 11g PCP/litre in agricultural drainage. Elevated 
PCP concentrations ~ere also found in groundwater (3.03 - 23.3 
ie/litre) and aurface water samples (0.07 - 31.9 i,g/litre) 
within saw-mill areas. Around these sites, PCP levels ranged 
between not detectable and O. 6 i,g/ litre in groundwater and 
between 0 .0 1 and. 0 .07 11&! litre in the water of a nearby lake 
(Valo et al., 1984). PCP in the 1,1g/litre range was detected 
in the water seeping from a landfill (Kotzias et al., 1975). 
A level as high as 3.35 mg/litre was found in groundwater from 
a·. monitoring well: near a wood-preservation factory (Thompson 
et al., 1978). 

. A PCP-monitoring study in water was performed by Rahde & 

pella Rosa (1984, 1986) in s region of the Amazon jungle 
(Tucurui, Brazil). The construction of a d!lmllled reservoir 
affected a large area (2430 km 2

) vith sawmills and PCP­
treated wood. Water samples collected from the main river and 
its affluents before the flooding in 1984 contained between 5 
and 14 pg PCP/litre, In 1984-85, after the flooding, the 
area had been covered with about 46 billions m' of water, 
PCP was not detectable at a detection limit of 4 i,g/litre. 

In general,· the sediments of a water body contain much 
higher levels of PCP than the overlying waters. At several 
fresh-water and marine sites in British Columbia, Canada, 
receiving effluents from the wood-treat~ent industry, average 
PCP levels in the sediments ranged from not detectable to 590 
.i.e/kg, while the corresponding range in: the overlying waters 
was from not detectable to 7 .3 •~/litre (Table 14). During 
a· 1978 survey 'of toxic substances in the Great Lakes of 
Canada, sediment samples from the Thunder Bay, Marathon, and 
Michipicoten areas of Lake Superior contained averages of 
16 ;900, 1;00, and 2300 µg P~P/k~ dry sediment, respective~y. 
In another study of contarn1.nat1on from a wood preservation 
facility on the Bay of Quinte, Lake Ontario, Fox & Joshi 
(1984) analysed water and sediment samples for PCP. At a site 
distant. from the plant discharge, sediment PCP levels ranged 
f.rom 1 to 61 µg/kg dry weight, while surface waters 
contained only 0.015 11&/litre. Sediments from the 
Mi~siesippi lake monitored by Pierce & Victor (1978) averaged 
364 µg/kg dry sediment, compared with levels in the lake 
water of only. 0.1 µg/litre. A similar distribution was 
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obaerved in surface waters in the Netherlands (Wegman & van 
den Broelt, 1983); 'sediment samples from Laite · Ketelmeer, a 
deposition area for Rhine river sediments, contained.· a med ~an 
PCP concentration of 8 .4 J€/kg dry weight, while : the over­
lying water contained 0.41 µg/ litre. PCP concentrations , in 
sediment aamplea collected in the vicinity of a ,paper mill 
discharge pipe in a North Sea bight, two years after. going out 
of use (Butte et al., 1985) and in Finnish lakes contaminated 
by wood preservatives (Paaaivirta et al., 1980) were of the •-e order of magnitude. 

These examples indicate that PCP and 
sediment ■ , which concurs with findings 
vork. Strufe ( 1968) reported a study in 
Na-PCP adsorbed on river mud within 20 h. 

5.1.3 Soil 

Na-PCP adaorb on 
from experimental' 

which 65% of added 

Soil samples, taken at 4 sites in the vicinity of a Swiss 
PCP-producing facility (Dynamit Nobel), contained between 25 
and 140 µg per kg (dry weight) at a depth of O :,- 10 · cm and 
between 33 and 184 µg/kg at 20 - 30 cm. These lev·els are 
higher than the PCP concentrations of 35 µg/kg (0. - 10 cm) 
and .26 µg/kg (20 - 30 cm) determined in soil sampte'1i' from· a. 
"reference ·site". The simultaneous presence of some PCDDs and 
PCDFs (maximum ·values: H7CDD, O.b µg/kg; OCDD, 7.68 
i.g/kg; P5CDF, 1 µg/kg at O - 10 cm) in sample sites near 
the chemical factory compared to only one positive sample 
(H,CDF, 0.51 µg/kg) at the remote site confirmed the 
contamination (Bundesamt fur Umweltschutz, 1983), 

The 11oil surrounding Finnish sawmills was found to be 
heavily contaminated with up to 45.6 mg/kg (0 - . 5 cm) or 1 mg 
PCP/kg fresh weight (80 - 100 cm) near the treatment basin, up 
to 0,14 mg/kg in the storage area for preserved wood and 0.012 
mg/kg outside the storage area. The vertical distribution of 
chlorophenols including PCP explains the ground-water contam­
ination observed (Valo et al., 1984). 

In Canada, soil 11mple• from the former ■ ite of ;a 
pe ■ ticide plant contained lees than 50 µg PCP/kg (Garrett, 
1980). The PCP levels in the leachate and in soil in the 
vicinity of 3 waste-disposal sites were also in the i,g/kg 
range (Kotz:.ias et al., 1975). Samples of agriculturally used 
soils in Bavaria (Federal Republic of Germany) contained about 
100 µg PCP/kg (Gebefuegi, 1981). 

PCP concentrations in soil samples taken at a distance of 
2,5, 30.5, and 152,S cm from poles treated with PCP were 658, 
3.4, and 0.26 mg/kg, respectively. Arsenault (1976) considereJ 
the last value ss a "natural, background level", which he 
derived from the blank of 0.2 - 0.4 ppm found in unexposed 
soil samples. Ho"1ever, such a leve 1 seems very high · for ·a 
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substance that does not appear to occur naturally. This high 
level could be the result of the contamination of the soil or 
of the reagents used for analysis. 

5.1.4 Aquatic and terrestrial organisms 

S.L4.l Aquatic organisms 

,Leve ls of PCP in squat ic organ ism11 from var iou11 col lec­
t ion sites ere listed in Table 15. No data'. are available on 
th~ background level11 of PCP in biota. All sampling site• in 
Table 15.were more or lees contaminated with industrial efflu­
ents. Relatively low contamination is reflected by residues 
of.PCP in aquatic invertebrate and vertebrate fauna in the low 
µg/kg-range. For example, Zitko et al. ( 1974) found a range 
of'.:;< ·o.5 - 4 µg PCP/kg '-let weight in the muscle tissue of 
different fish species (Table 15). Higher levels were detected 
in-:'organisms collected in surface waters that were thought to 
bei:contaminated with wood preservatives: ,up to 2too µg 
PCP/kg wet weight were found in marine fish in British 
Columbia~ Canada (Environment Canada, 1979) and up to 6400 
µg/kg in fresh-water fish from Finnish lakes (Paasivirts et 
ai-;·:, 1981) (Table 15). Some sediment-dwelling organisms showed 
thi: highest residu~s: polychaetes from the Weser estuary 
contained between 103 - 339 i,g PCP/kg vet weight (Ernst & 

Weber, 1978a). Even higher levels (266 - 133 000 µg/kg) 
were found in clams from a North Sea bight, near the end of a 
waste-water pipe from which about 26 tonnes of PCP were 
discharged into the mud flats until 1978 (Butte et al., 1985). 

Residues of PCP in biota aSBociated vith toxic PCP water 
concentrations are in the mg/kg range. Following extensive 
application of Na-PCP as a molluscicide in rice fields in 
Surinam, Vermeer et al. (1974) found 8.1 mg PCP/kg wet weight 
in dead frogs (P11eudis paradoxa) and between 31.2 and 59.4 
mg/kg in three species of fish, which were also found dead. 
Composite samples of snails (Pomacea glauca) contained, on 
1verage, 36,8 mg PCP/kg wet weight. 

Whole sample ■ of small fi11h collected from a river in 
Brit iah Columbia_, Canada, during an ace identa l fi11h ki 11 
resulting from the spraying of hydropoles, had levels of 16,3 
mg PCP/kg; two large cutthroat trout (Salmo clarki) contained 
10~3 mg/kg (Jones, 1981). 

5.1.4.2 .Terrestrial organisms 

: As with aquatic plants, almost no data are available on 
residues of PCP in terrestrial plants. Grass samples taken in 
the vicinity of a PCP producer at Rheinfelden, Switzerland, 
contained between 67 - 87 µg PCP/kg dr•y weight, comparable 
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Sorptlon of Chlorinated Phenols by Natural Sediments and Aquifer Materials 

Kurt ScMlemerg,t Christian Leuenberger, and Rene P. &hwarzenbach• 

Swiss Federal Institute for Water ~esocrces and Wat« Pollutlon Control (EAWAG), CH-8600 Dubendorl, Switzerland 

. . . where Koc is the partition coefficient of the compound 
■ Labora~ry expe~ents have been conduct;ed to ~y- between water and a hypothetical natural sorbent of 100% 
the _sorption ?f chlor:nated phenols by ~ents an1 organic carbon representing the organic material present 
aquifer n:-a~als. It not-onl O in the sorbents investigated and a and b are constants. 
th

e no
nd 

lates) At typ'cal b' t Values reported for a and b include a= 1.00 and b = 0.48 
a.ses P eno can occur. 1 am ien con- ell · h drocarbo O 52 db 4 4 tr ct uillb ' . be descn'bed by the for polycy c aromatic y ns, a = . an = . ten a ons, sotpuon eq num can • f · 'd ( ) d - o 2 d b 

equation S = DC, where S = concentration in the solid for a certain group O pestici. es 4 • an a - ,7 an 
phase, D = overall distribution ratio, and C = concentra• = 3.2 for alkyla~d and chlo~mated benzenes (5). From 
tion in the liquid phase. In natural waters of low ionic the presently available ?-8ta,. it can be ~ncluded that_ the 
strength (Le.; I~ ~10-3 M) and of pH not exceeding the . values of a ~d bare primarily determmed b~ the~ of 
pK of the phenol by more than one log unit, phenolate . compounds (Le., compound class(es), range of lipophilictty) 
sorption can be neglected .and the overall distnoution ' on which the relationship is established, and only to a 
coefficient may be ex.pressed by D = KpQ, where K = smaller degree by th~ type of natural aorbents 4Bed- Thus, 
partition coefficient of the_Dooionized ~ and Q = the reported relationships are very useful for predicting' 
degree of protonation. J(.P may be estimated from the partition coefficients of neutral hydrophobic organic com-
octanol/ water partition coefficient of the compound aDd · pounds between water and natural sorbents of very dif. 
from the organic carbon content of the sorbent. In the case ferent origins. It shoJ.tld be noted that eq 2 is valid only 
of tetra- and pentachloroph~eoolate somtion 11mtall¥ · for sorbents containing .incire than about 0.1 % organic 

.Jwi Y? be considered.: It is stro=influen~8ti;~:•_.•··_·' carbon_ U_ ~}~,_O.q<)l). F?r organic-poor sorbents, interac-

. orgaruc...£!l'bon content ii£ the ~ t sod b ";'.~·;:.~;-tioos.·of. the·~'chem.icat Vriili the: inorganic~ matrix of- the,. 
. :--r 'r---P"i . . . .. - .. ..l!. ··-··· -- . . ·. . .. -· . . ·, .· .. -.... , ,·. ·. . • '-• . . . . ' 

sorbent may become tmporlant (5, 6). 
• -.•.• -· • • . "' 

01 c • ~ • • • · • • • ·;... The simple model uaed to describe the sorpcao of 
~ the ~rt, :ate. _and the po~tial ?iologicaL ·•• ·•·· neutral..b~ m:gaoic chemicals by Ilahu:a) sor.ben~. 

effects of x.enob1otic chenucals ~ the aqua;ic enVll'Onment {!?9 1 and 2) is aoplicabte·only to a Um ired degree to CQ.ID-
requires knowledge of the sorption behavior of the chem· ~unds whlch are fuJly or partially ionized at natHtal pH 
icsls, i.e., of their distribution between the so~d and . ~-- Such compounds include amines, carboxylic acids, 
aqueous phases. Recently, much effort has been directed · and,_pheriols.; The sorption of benzidine, e.g., was found 
toward understanding the sorption of a variety of hydro- · to be lai-iely controlled by the pH of the aqueous phase, 
phobic organic pollutants PY sediment.a, soils, and aquifer and nonlinear sorption isotherms were obtained which 
ma~_rial.s (1-5). The vast ma~ri~ of th: ~em.kals in- were interpreted to be the result of the superposition of 
vestigated were compounds exhibiting no 1o~ble ~c- several different sorption processes (7). Also, a significant 
tional group{s). For such neutral compounds, mcluding enhancement of the sorpti.on above that expected based 
polycyclic aromatic hydrocarbons (2, 3), halogenated hy- on simple partitioning, i.e., predicted from eq 2 (derived 
d.rocarbons (I, 5), and certain pesticides (4}, approx.imately for polycyclic aromatic hydrocarbons), was observed for 
linear sorption isotherms have been found at concent:ra• two polycyclic aromatic amines (8). For anthracene-9-
tions typically encountered in natural waters: carboxylic acid which i.s predominantly present as anion 

S = K C (1) at the pH of natural waters, the same authors found no 
P significant differences between predicted ·(eq 2) and ex-

S is the concentration of the compound in the solid phase, 
C is the concentration in the liquid phase, and KP is the 
equilibrium partition coefficient of the compound between 
the sorbent and water. The partition coefficient !(_p_ ~ 
been shown to be primarily dependent on the lipophiticity 
of the compound, as expressed by its octanol/watar par­
tition coefficient K_ and on the organic carbon cootent 
f oc of the sorbent (1-5). Mathematical relationships be­
tween KP' f- and K"" have been derived for varioua seu 
of compounds and natural sorbents (2-5): 

· KP = f ocKoc = f o,eb(Kvw)" (2) 

1 PreMnt addreN: Sand01 AG, 4002 Buel, Switurland. 

perimentally determined "partition coefficients". In any 
case, when dealing with the sorption of hydrophobic com­

. pounds containing functional groupe which may ionize or 
which may-strongly interact with the various organic and 
inorganic constituents of natural sorbents, processes such. 
as ion ex.change, ligand exchange (9), formation of ion pairs 
or ion complex.es (that may be transferred into the organic 
phaae), etc., have to be considered in addition to simple 
partitioning. 

In the laboratory study reported here, the sorption of 
a series of chlorinated phenols by natural sediments and 
aquifer materials has been investigated. Chlorinated 
phenols are of growing concern as environmental pollutants 
(10-12). They have been widely found in surface waters 
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_ • .J L"? wa.stewaters, in particule.r, in pulp mill effiuenta 
t13-I6). At ical ambient H valu · e 
h. hl chlorinated 

o as h The goal of this atudy 
was to establish quantitative relationships for describing 
the overall sorption of chlorinated phenols by sedimenta 
and aquifer materials, and t.o evaluat:e the contn'bution of 
the processes respoil.Sl'ble for the sorption of the phenols.te 
species (referred to as "phenols.te sorptionj t.o the overall 
sorptive process. 

Experimental Section 
Chemicah •. The chlorinated phenols used in this study 

(the names are given in Table m were purchased from 
Fluka AG, Buchs, Switzerland, or Chem Service, West 
Chester, PA. and used without further purification. The 
water for high-performance liquid chromatography (HP-_ 
LC) mobile phases was doubly distilled in quartz, and the 
methanol was of spectral quality (SpectrAR, Mallinckrqit, 
S. Louis, MO) •. All other chemicals, acids, and salt.s were 
of the highest available purity (Flu.ks. ptirissimum and 
purum, or Merck p.a.). . 

Acidity Constanta. Acidity coostarits were determined 
by titration of 5 X 1~-5 X lo-' M solutions of the chlo­
rinated phenols in 10-% M NaNOs solution using 10-2 M 
NaOH in thermostati~<fvessels ·c20-£0.5 °crunder a: ni­
trogen atmosphere. Proton activity was determined with 
a glass pH electrode (Metrohm AG; Herisau, Switzerland) -
which was cah'brated before·eacb.-titratioli· Dissociation 
constants were calculated with eq 3 on the basis of at least 

K 
- l . - [H+] .. ({H+].., + CB :.. K'.;[H+]~) 

P = - og ---------- (3) 

Table I. Characterization oC the Sorbentl Investlga~ 

apecific organic 

aorbent 
surface carbon 

area (BET), content (f .J, 
no. deteription ml g.-1• g.,. g.-la 

1 la.ke sedimentb 3.8 0.094 
2 river sediment<' 4.8 0.026 
3 aquifer mauirial< 6.4 0.()084 
4 aquifer material< 5.7 0.0003 
5 -y-Al10s 120 <0.0001 

· • g. • gram.a of aolid; g.,. • g?lllm of organic carbon. b Surface 
&ediment (air-dried) from Greifen.see, Switzerland. 'Sample from 
field site in the lower Glatt Valley, Switzerland (see ref 5); pre­
pared by dry sieving; size fraction ~ < 63 ,um. 

two phases were equilibrated in a thermostated room at 
20 ::!:: 0.5 °C by vigorous mechanical mixing for 24 h. After 
centrifugation (3000 rpm, 15 min), the aqueous phase was 
separated from the octanol phase with a pipeL The 
chlorinated phenols in the aqueous phase were then 
quantified by the HPLC method described below. 

Water .. For the sorption experiment.s it was desirable 
to use water with pH and major ion composition similar 
to that of a typical Swiss groundwater, and as free of or: 
ganic compounds as possible. This water was prepared by 
stirring doubly.distilled water (dissolved organic carbon 
content 0.2 ing/L) with an excess of granulated. marble 
while bubbling with a CO2/N2 mixture until solution 
composition change was negligible ( ~24 h). The desired 
pH_was __ obta.ined by adjus~_tlie CO2/N2 rati~. After .. 
equilibration, the CaCO3/CO2 buffered water was spiked 

· with an aqueous solution of chlorinated phenols. • At - ([H+],. + CB ~ K..,/[H+J.) " 
. Sorbents. . The sorbents used are summarized in Table 

six measurements, at 1>r<>tonatio11 _d~ffi_the,i-~e. of;x;,,: L . The_sampJ~ .• ~ere p~Pared by_ dry_ sieving the_llir::dried .. 
0.2-0.8. [H+]~ = prot.on·ooocentiaticm; log [H+]ii ;7: (E-' ·' . · materia.1.:}Thif size fraction <J,_ < 63 µ:m was chosen for the 
Ec)/k (Nernst equation), c8·= amount of added base per experiments since in earlier work (2, 5) it was found that 
total volume solution (V0 t.Yc),K.,;, 7JO-!'mol2 L_-:t,and sorption takes place predominantly on the silt and_ clay 
At = initial concentration of chlori:nated' phenoV::(½CY . : fraction::• Sor bent 1 was· ifsurface·sediinent from a highly 
_Jo a second approach. {2-5) X lo-' M 59lutions of fue eutrophic lake. The river sediment and the aquifer ma-
chlorinated phenols in 5 X 10-2 M pb~phata buff_'ers were terials were collected at a field site described earlier (5). ~= the _conc:enti-ati'?°{!:t;tt.:r:;{;::7!!l • Some ~:Ption experiment.s were carried out with r-Al20s 

1a [A ]/[49] at~ (Alumm1um Oxyd C, Degussa, Frankfurt, GFR) used as 
by UV spectr:oscooy .. Absorbances were measured at 11 received without further treatment. 

_. wavelengths between 280 and 340 nm, and a nonlinear . BET surface areas were determined on a Carlo Erba 
least-squares cah'bration and data reduction t.echnique was Model 1800 sorptoniatic using nitrogen as adsorbing gas 
used to allow determination of concentrations of both (for more details see ref 5). The organic carbon (OC) 
neutral and anionic species (which exhibit absorption content of the sorbent.s was determined by the method of 
maxima a.t different wavelengths). The dissociation con- Baccini et al. (18). The detection limit of the method for 
st.ant K. was then determined with a linear regression by sediment samples is 0.1 mg of OC / g., 
using eq 4: Batch Experiments. The batch experiment.s were 

log ([A-J./[AH].) = pH - pK. (4) 

Octanol/W ater Partition Coef.ficienta. Octanol/ 
water partition coefficients were determined according t.o 
OECD guidelines (17). Since it was found that the pres­
~ce of more than one cli1orinat.ed phenol aid no£ i.iifhmnce 
the dlstn6uoon ot tlie inaividu.iil compounds, the di- and 

-=ro::tno= aa a second wxtP, th~ tatra§!ofiy 
l:s pe orophenol were mvestigatedsim • 

taneously. All extraction experiment.a were carried out in 
at least four replicates. The two phases, 1-octanol and O.Ql 
M aqueous HCl, were saturat:.ed with each other before UBe; 
45, 40, and 35 mL of the aqueous phase containing the 
phenols were added to 5, 10, and 15 mL, respectively, of 
1-octanol in a 100-mL ground-glass-stoppered bottle. The 
initial concentration of each phenol in the organic phalle 
was ca. 104 M for the di- and trichloropbenola and ca. 1~ 
M for the tetracbloropbenola and pentachlorophenoL The 

.·;·1.~r:·.1 • 

carried out in 12-mL, ground-glass-stoppered test tubes 
(10 cm X 1.2 cm i.d.). WhenevH possible, the amount of 
sorbent was chosen to obtain at least 50% overall sorption 
of the compounds. After the sorbent (0.H g dry weight) 
was introduced, the test tubes were filled with spiked 
CaCO3/CO2 water and closed with the stopper, leaving a 
minimum headspace to avoid pH and ion composition 
changes due to loss or uptake of CO2• The amount.s of 
sorbent and aqueous phase were determined by weighL 
It was found that the presence of several chlorinated 
phenols in the same batch did not noticeably influence the 
extraction behavior of the individual compounds. 
Therefore, similar to the determination of the octanol/ 
water partition coefficient.s, the di- and trichlorophenola, 
as well as the tetrachlorophenols and pentachlorophenol, 
were investigated simultaneously, The initial total con­
centration of each phenol was typically 150--200 µ.g/L (ca. 
10➔ M). 
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reservoir of 
mobile fhcSe 

pump 

injection valve 

precolumn (SOx 5 mm) 
LiChrosorb RP-2, 30pm 

switching valve 

main column ( 250 x 5 min ) 
Li Chrosorb RP - 18 , 10pm 

UV detector, recorder, integrator 
\, 

~• 1. Scheme of the c!Tomatog'aphlc apparatus used to deter-
mine the chlonnated pheools. . . 

uf 50 ng for a 0.01-L sample (5 µg/L). in ro01lt of the 
samples from the batch experiments, no interferences by 
compounds extracted from the soil were observed. How­
ever, if the method should be applied to analyze samples 
containing higher concentntlons of nonpolar UV-abeorbing 
organic substances, e.g., wastewater or river water, it is 
expected that some pretreatment of the samples or a more 
specific detection using, for example, an ~lect:rochemical 
detector will be nece888I)'. 

Determination of Relative Retention, on Cl8 Re­
vened-Phase Columns. Relative retentions k' (capacity 
factors) of protonated and deprotonated chlorinated 
phenols were measured on C18 reversed-phase columns 
(LiChrosorb RP-18, 10 µm, Merck). A Waters M6000 
pump. (Waters Associates Inc., Milford, MA) was used 
together with a Water U6K injector and a Perkin-Elmer 
LC55 variable wavelength UV /vis detector (Perkin-Elmer 
AG, Ktisnacht, Switzerland). For the protonated chlori­
nated phenols, the mobile phase was methanol/water, 1/1 
v /v, acidified with concentrated phosphoric acid to an 
apparent pH of ~2. The column was stainless stee~ 250 
X 5 mm (Dr. H. Knauer KG, Oberursel, GFR). For the 
chromatogTaphy of the phenolates, a hand-packed 30 X 
5 mm stainless steel column with Swagelok fittings was 
used. Under the extreme conditions used (pH >11), the-

The samples were equilibrated in a thermoetated. room columns. remained stable for 1-2 days, then the retention 
at 20 ::I: 0.5 °C for 15-20 h on an apparatus that inverted characteristics began to change, and the column had to be 
the sample tubes automatically every 2 min. Kinetic.ex-. . . repacked .. -The mobile phases,were prepared as follows: 
periments showed that equilibrium was essentially reached -. - _· Doubly distilled water was thorough!}'. degasses by stirring 
after approximately 8 h. The aqueous phase was then rigorously under vacuum for at least 15 min. - Then, 
separated from the solids by centrifugation, and the pH methanol was added to make a mixture of water/methan~ 
was measured immediately. The calibration of the pH 9/1 v/v, and the mixture was again- degassed for a few 
meter (Metrohm E 532, Metrohm AG, CH-9100 Herisau, minutes. The desired concentration of K+ or Li+ was· 
Switzerland) was checked daily. Then, the sample was obtained by adding known· amounts of a 1 M solution of 
weighed and acidified with ~5 drops of concentnted HCI. KOH or LiOH.,. 'I'he solutions and the solvent reservoirs 
andjafter a~ditfori ~_fthe.intemal standard;~the phenols~•,L~0 were alVl'ayi kepfundei-nitrc,g'en;: For the mobile· phases -
in thE(aqueous phase were quantified' by 'the analytical - - contai.rung Ca2t as rounterion~ saturated Ca(OHh solution 
procedure descnoed below: - . . ." . . . . was added under nitrogen to the degassed water/methanol 

Quantitative.I>eterminatio!;i;c,rChlorinatecl_,Phe-. ·,•· .mixture;unitl.pli\:ll.~;was.,reached:'i<The~desiredCa2+ 
nols by HPLC;, A schematic• representation of the 'chro-· .,. - · concentration was then approximated by -~dding CaCl2-
matographic apparatus is shown in Figure L The acidified· The exact concentration was determined by flame atomic 
sample was injected onto the short precolumn (50X 5 mm,: ,:- absorption analysis;: Retention times were measured with 
LlChr060rb RP-2, 30-µm particle size) by means of a six.; : i ~ ari Autolab Minigrator integrator (Spectra Physics, Santa 
port valve fitted with a 10-mL loop. After 10 mL of eluent Clara, CA). Nitrate was used to determine the elution 
had passed the precolumn, its outlet was connected to the volume of a nonretained solute for the calculation of rel-
main column (250 X 5 mm, LiChrosorb RP-18, 10-µm ative retentions. 
particle size) with a switching valve. 

For tlie di- and trichlorophenols, the methanolj'water 
ratio of the eluentwas 1/1 (v/v). 2,3,6-TCP was used as 
internal standard. For the tetrachlorophenols and PCP, 
the methanol/water ratio was increased to 3/2 (v/v), and 
2,3,5,6-tetrachloronitrobenzene was used as internal 
standard. 

The use of a precolumn allows preconcentration of the 
chlorinated phenols, separating them from water and from 
part of the early eluting compounds extracted from the 
sor~nt. In addition. the main column is protected from 
contamination by irreversible eorption of complex organic 
substances and very fine particulate matter still suspended . 
in the sample. Since the precolumn is packed with a 
short-chain reversed-phase support, the chlorinated phe­
nols move faster in the precolumn than in the analytical 
column packed with a C18-derivatized silica gel The * 
suiting band sharpening effect greatly reduces the need 
to minimiz.e dead volumes in the precolumn, the switching 
valve, and the connections. 

The detector wavelength was set at 205 nm for di- and 
trichlorophenola and at 211 nm for t.etrachlorophenols and 
pentachlorophenoL The detection limit waa in the range 
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· Results and Discu.ssion 
Determination of Overall Distribution Ratios. 

Linearity of Isotherms. The compounds which were 
investigated are listed in Table II with their acidity con­
stants, octanol/water partition coefficients, and relative 
retentions in reversed-phase liquid chromatogTaphy. All 
values in this table were experimentally detennined_since 
only limited literature data were available. From the pK. 
values given in Table II it can be seen that large differences 
in acidic strength e~~t between the v · ' ' · 
pllenolS tmc1ue1.ing isomeric compounds) and, therefore, 
in_ the degTee of ioni · in a ·ven natural water. 

or e orinated phenols in u 10 a e the 
overall equilibrium distribution ratios, i.e., the ratio of~ 
phenol concentration in the solid phase to total p~ 
concentration in the aqueous phase, were determined in 
batch experiments !!tdifferent pH values with the sorbents 
listed in Table I. Since calcite was a substantial constit­
uent of the natural eorbents investigated, and since dis­
solution and/ or decomposition of the organic matter 
contained in these sorbenta was observed at pH values 
above 8.5, the acceasible pH range for experimenta was 

------------------------



.t. 1\f. Llnea.r Free Enerv &!lati .. n1hipa: Correlation• 
tw~n the Partition Coefficient, ofthe Nonionized 

PhenolJ and the Correapondin, Oct.anoVWater Partition 
~fflcient1 aDd Relatln Retention_. 

correlatiom 

10( K, • a loe K .. + b• toe K, • a'loe .ii'+ b' 

aor- R1 RI 

bent a b• (n • 6)• a'. b' (n - si• 
1 0.98 -1.77 0.99 1.93 --0.16 0.97 
2 0.81 -1.« 0.99 1.59 --0.10 0.96 
3 0.72 -1.63 · 0.98· 1.40' --0.40 0.91 

•The sorbentl are characterized in Table I, and the partition 
coefficients K are liated in Table III. •Correlation made by uainf 
the compound& in Table II, except 2,3,4,6-TeCP and PCP. 

eo~~~~~--.-....--.--.--,-..-, 

70 
" C • . . . -601- ~ .:; 

·­"' 1 50 

w 40 
3 
:::. 30 

, 
l, 
I 

I 
I 

1
oPCP 

/': 
/ C , -, ~ 

,, 0 

/ "' 
,/ , 

/ 

' 

~ ll . ~ -
~ 
~ 

1-
! ~~~ 

~ 
i 

~ 
~ ~ 

➔.,. 

.,.. . I!:] .,...,.. 0 .,.. .,.. .,. 
t A f I O llt 1-,11 

Flgur• 4. Relative ret&ntlons as a ftnc1lon of cation concentration at 
a series.of chlorinated phenols at an apparent pH of about 11.5 on 
a C18 r~se colu'nn. Note that. In the mobile phue et pH 
11.5, the phenols are present predomlnantty as phenolate anions. 

also suggest that the degree of phenolate sorption is, sun-. 
ilarly to the nonionized species, strongly dependent on the 
organic carbon content of the sorbent. This is reflected 
by the increasing intercepts with increasing carbon content 
of the sorbent (Figure 3). 

Furthermore, as qualitatively demonstrated in Figure 
4, the relative retentiona in reversed-phase HPLC of the 
phenolate anions are influenced by the cation concentra­
tion in the liquid phase. A siinilar behavior is observed 

· in the partitioning of pheriolate anions between water and 
octanol (19) and is also evident from our data with respect 
to sorption by natural sorbents. A comparison of Figure 

· 4 with the relative retentions listed in Table II also show 
that at pH 11.5, where the chlorinated phenols are more 

- odess fully ioniz.ed. in_~~ ,mobile phase, they are. retained 
- . · --. ~ -.... in tlie same :sequerice~a.s .the-, con:esponding rionionized 

-· · ~ pheiiol.s, i:e:; increasing retention with increasing octa~. 
I f . . ,_· __ , ~~ _ _:....2,3,4,6-

d · ___ .;:-_. . TtCP 

__ ,,-~ 
O.OL __ 0.05 - - 0.1. 

ORGANIC C~i!SON .. CONTENT_ fo< 

nol/water partition coefficient of the nonionized com­
pound. -The _mechaoismofthe :£ti~ of== 

" pheno§!.e aruons between water a m I ornru 
. ~ol) is presently under investigation The first 

Agur• 3. Intercepts ob1alned from the linear regesslon at D vs. a res ts of this s · • • • 

( 9-c g.ll 

(S:Ste:>=~:_er;! = ~~ = :i:: -,: -- a r ;"'~"~-~~~i':1::~~tt;~'.t.~i~~~~:crF'.+,:/~,\;~iW;'-'_>~l;:.,,. f 
1 

·· - · - · .·. · . . the experu.nental s~t,.em _tised ui this study; a qu.an-
. . . . . .. . . .· tifi_cation of plieoolare...sorption 'bY. the natural sorbents 

:. __ their low~ these _two.rompoui;ids are ·alniost fully-,~,::< inves~igat;e4. is~#f!i~~'.,:;~~,~.~d1:1_e_;c ~,_t:he . CaQOs/ ~02 

~the experimentally accessible pH range.·:. ·• ~ buffe!; the-·citlc=nceiitiatiori in the· aqueous phase is 
Since a extrapolation of the D values determined" - · ~oasly pR4e ·. d t; i.e., it decreases siiJ]iflc:actlY wltb 
at ve~ees o(protonation leads to large errors ·· ~?t_Co~uently, the effect of the higher 
in the cal . ,-values, the KP values for 2,3,4,6-TeCP - degree of deprotonation was compensated by the decrease 
and PC'F were denved1rom the excellent linear relation- in cation concentration, thus rendering the system too 
ship found between the loc K values of in.seruiitive to allow a proper quantification of the sorption 
henols and the · · · · · corresPQ of the phenolate anion. Further experiments in which. e.g., 

. re n o m reversed- qui c matography (see the cation concentration in the aqueous phase is kept 
~ IV). - constant over the whole pH range will be necessary to 

For sorbents 1-3 a stroll( dependency of Kp on the or- quantitatively evaluate the significance of phenolate 
ganic carbon content foe WM found, and highly significant sorption. However, on the basis of our present data, it can 
linear correlations were ob(ained between log KP and log be concluded that, in waters exhibiting low ionic strength 
K"" (Table N). However, in contrast to the findings with (I~ ~10-3 M), eq 9 can be used to estiinate overall dis-
nonpolar substances such• the substituted benzenes (see tribution coefficients of chlorinated phenols if the pH of 
ref 5), much larger differences in the slopes a of the cor- the aqueous solution is not more than one unit above the 
relation lines were found between the different sorbents pl(. of the compound (see example given in Figure 5 (top)). 
which may be due to specific interactiona of the phenolic other hand, at typical ambient H values, the 
group with the solid matm. For the organic-poor sorbents overall distri u e hig y 
(sorbents 4 and 5) no correlation lines could be obtained 
because the measured m>erall partition coefficients were 
generally very small and K,, values could not be determined 
with sufficient accuracy. 

From the results of the nperimen ts conducted so far, 
there is clear evidence thal. in certain cases, the sorption 
of the phenolat~._1~e1 gn.not be neglec~. The, due 
to t.heexperimental conditions in most cases, small. but 
significantly poeitive_intm::epts always found when the 
experimental data are analyzed with a linear regression 
according to eq 9 (see es:ample given in Figure 3) ia an 
indication that pbeoo1a1z 1Drption takes place. Theee data 
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' in Figure 5 (bottom)). 
Prediction of Partition Coefficients KP and of 

Overall Distribution Ratios D. The variationa in Koc 
values obtained for the different sorbents (Table Im are 
quite large compared to those found for the chlorinated 
and alkyla.ted benzenes (see ref 5). However, for order of 
magnitude predictions of Kp, it still seems feasible to derive 
for the nonioni.zed phenols a relationahip siinilar to eq 2. 
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,·abl~II. Acidity Const.anti, Oet.a.nol/Water Partition Coerficient1, and Relative Retenti0111 or Same Chlorinated Phenol.-

pK: 
compd abbreviation (n 2:: 6)' · 

q-K_ 
(n • 4)" 

10( le'• 
(n • 3)' 

2,3-dichlorophenol 2,3-DCP · 7.61 (::1:0.01) 3.15 (::l:0.02) 0.70 (::l:0.03) 
2,4-dichlorophenol 2,4-DCP 7.85 (::1:0.01)/7.80' 3.23 (:i:0.02) 0.82 (::l:0.03) 
2,4,6-trichlorophenol 2,4,6-TCP 6.15 (::l:0.01)/6.10' 3.72 (::l:0.03} 1.16 (::l:0.03) 
2,4,5-trichlorophenol 2,.(,5-TCP 6.9" (::1:0.02)/6.94' U9 (::l:0.0-0 1.23 (::l:0.04) 
2,3,4-trichlorophenol 2,3,4-TCP 7.18 (::l:0.02) N1)I ND 
3,4,5-trichlorophenol 3,4,5-TCP 7.73 (::1:0.02) Ul (:!:0.06) l.:W (::l:0.05) 

...2.3.i.6:tetrachloropherutl, 2,3,4,6-TeCP ...5J,QJ.;;0.02) ,U2 (::l:0.05) 1.51 (::l:0.05) 
2,3,4,5-tetraclifcirophenol 2,3,4,5-TeCP 6.35 (::1:0.02) 4.87 (:!:0.08) 1.63 (::l:0.05) 
~ntachl_gropbeo9L_ PCP ~ (:!:0.03)/4.75'1 5.2' (:l:0.1~ 1.93 (::l:0.05) 

• All value. were determined at 20 °C. •Determined by titration; I ,. 10-2 M. 'Number al meaauementa. "LlChroeorb RP-18, 
MeOH/H:P, 1/1 (v/v); ph01phoric acid t-0 an apparent pH of ~2; nitrate was U&ed to determine the elution rofu.me of a nonretained solute. 
'Determined by UV. fValuea u3ed for the calculationa. •ND, not determined. . 

Table III. Experimentally Determined Partition Coertici.enu K • and K .. of Nonio~oriliated Phenols for Di!Cerent 
Natural Sorbent1 ill 

compd 

2,3-DCP 
2,4-DCP 
2,4,6-TCP 
2,4,5-TCP 
3,4,5-TCP 
2,3,4,6-TeCP' · . 
2,3,4,5-TeCP­
PCP 

\ 

K.,. cm' g.-1, for sorbent' 

1 2 3 

· 21 (:l:7) 12 (::1:4) 5 (::1:4) 
25 (::1:6) 17 {:l:3) 6 (:l:3) 
78 (:l:3) . 34 (:!:2) 9 (::1:1) 

165 (::1:15) 74 (::1:7) . . ; 20 (:1:2) 
276 (::1:36) 115 {:l:26) 31 (:5) 

. : 568".·:c. ·. : .: 200', <- ' 52' 
1237 (*52) , .. 362 (:1:61) 105 (:1:11) 

· 367()< ·. 930" 200' 

4 

<l· 
<1 
<l 
<l 
<l 
<3 

7 
<13 . 

~ J{oc = Kp_/f oc- •See Table IL 'Cs.lculate<i from chromatographic data (&ee text). 

·_ . . ~ . . - . 

limited.to values between about 6.5 and 8.5. 
The sar;otion isothen:ns determined for wons cblati-J· .. 

error of the'. 
7 ··tncKfofqwmti.ficatioii a"i·easoriable lli:iwity:. ··'. •·· ·• : . 

na!&xh>li."e. D. 'nlf af'.di.ffei:ent'pH"va)i1eisnowed:wfthjn.· the.·:,,_:t_: ._• ..•. :. ... :,_ .... _,_;-. .: 

J>ver the '?'h: rane;e of ~ncentia~on tj.s#, A#,. an e_um: · · · · .· 
ple,·. the~ lSOtherms; obtained at: different pH.,.values.fors, ><' . •. 

.· 2,3,4,s-TeCP\Vitlisoi-oei:it"f~'sliown iii Figure 2;;;~::/i .. '" ,> . 
Partition Coefficients·K ~ of the Nonionized Phe­

nols: Significance of Anion Sorptiori. Under the ex­
perimental conditions {pH 6.5-8.~, both ~aoized and 
ionized chlo · phenols are present srmul · 

e aqueous phase see • V ues 1D a le m. Therefore, 
the exttact1on constants for the fwo species cannot be 
determined separately. However, the marked increase of 

K.., cm1 Le -t.p• for sorbent• 

1 2 3: 

223 461 595. 
266 654 715 
830 1310 1070 . 

1760 2850 2380 
29"0 «20 3690 
6040' 769()< 6190" 

13200 · 13900 12500 

~ 
' 35800" 238()()< 

'W:::s>-

7 )Q I 

• SORPilO!I !SO-
"' H1ERNS AS l 
~ .. 25 "':JNCTION OF pH 

-=-

~ 20 •.· ·.J··•_· \ .. c:·c., C. ". :"·- ". ·-·~ -:- :::-· -. ;_ ~ 
9 15 . •· pli 6.SS 

~ · .,.,........pH 7.70 
z 10 # - f 

'z{ ~./ /• pHB.,2 8 51/y ... _, 
~ 
i: 0 

0 0.1 01 0.3. 0.' 
TOT"l. COHC. ff -"lUEOIJS PHASE 

[nrool e11-:f] 

av value 

426 
545 

1070 
2330 
3680 
6640 

· 13200 · 
32900 

'the overall distnbution coefficients with decreasing pH (see 
example given in Figure 2) suggests that, under the con­
clitions used (CaCO3/CO2 buffer, decreasing ionic strength 
with inc~H, dissolved organic carbon <0.5 mg/L), 
the contrioutfon of the sorption of the deprotonated 

F1gl.n 2. Sorpooo Isotherms fee 2.3.4,5-tetrachlol ophenol at cfflerent 
pH values. Soid phase: sorbeont 2 (see Table II). 

sooc:ies is e-enera.llv small ex 
equilibration with sorbent), V. ~ volume of aqueous phase, 
and M, = mass of sorbent phase. Combination of eq 5-8 
yields the. relation 

D=KPQ (9) 

difference between pH and pK. is'large (e.g., for com­
pounds such as 2,3L4,6-TeCP and PCP). Thus, as a first 
a ro · · , en · were y 

. using a simple partitioning model_9eilecting phenola~ . where Dis the experimentally determined overall distri-
sorption as well as a possible siMQciation of the .12Ii"enof.J!i bution ratio: 
~=-

AH. .= AH. K = [AH],/[AH]. (5) 

AH • .:: A_- + H,,+ K. = [A-J.[H+]./[AH]. (6) 

At= [A-].+ [AH].+ (M1 /V.)[AH] 1 

A.• = [A-].+ [AH],. 

(7) 

(8) 

where Ai = total initial concentration of the phenol in the 
aqueoUB phase (before aorhent is added), A.• •· total 
equilibrium concentration in the aqueow phase (after 

fl9'IIJ WIS L JM 11111 ~~GRUAI? 

D = A1 -A.• V. 
A,,• M, 

(10) 

and Q is the degree of protonation: 

Q= 1 
1 + K./[H+]. 

(11) 

• IJliffi&& --· 
wacza - ~.~ ... ,. 
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AQur• 5. Preclcted (eq 9) vs. expertmeota.ty deterrrined overal-,d!s­
tribution ratios for 2,4,5-trlchlorophenOI {top) and pentachlornphenol 
(bottom) la sort>ent 1. Thee~ poi,ts are averaged values 
wit, relative staooard.dEMa.tlons 00 !he crder of :1:10%.· Note !hat the 
ea2+ concentralion decreases wl1h ilaea.sr,g pH. 

Tbe .. linear regression correlating the logarithms of the 
average Koc. values :(Table III) with log K.,.._yiel~ 

. . _log Koc=· 0.82 i~k;;,; ~b.02 ,,:: (.R2 = 0.98) (12) 
• ~ •. ' __ -.. ,~{·.-:..-.-;.·.:'j_..-0;- _ _;:· .-.-~ .. . <:_,-.:. ,:;-;.-,\:·;:- .. 

Tiius;-.the yalueii'of,i"and bin'eq2 are'a:·";.; o:s2 and b =: 
1.05: In those cases in which pheriol.ate'sorption can be 
neglected, the overall distribution ratio can then be cal­
culated by 

D = f ..jl.05}(K;,,,)°41i(l + K./[H•J.)] . (13) 

l b;is tor the~ h1gnJ · cn.:cr..na:.ed henola, rt:dictious · 
overall distribution rat:ioe on sunp e partitioning of 

1.ne nond1Bsociated species are enerall in error. 
~re 18 strong eV1 ence t t the sorption of phe­

nolate species ia predominantly a partitioning proceu 
between the aqueous phase and the organic phase present 
in a natural sorbent. The degree of phenolate sorption ia 
dependent on the ionic strength in the aq~eous phase­
Further work is in progress to arrive to a quantitative 
description of the sorption of chlorinated phenolate anions 
by natural sorbents. 
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