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AN EVALUATION OF METHODS FOR CALCULATING MEAN SEDIMENT QUALITY
GUIDELINE QUOTIENTS AS INDICATORS OF CONTAMINATION AND ACUTE
TOXICITY TO AMPHIPODS BY CHEMICAL MIXTURES
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Abstract—NMean sediment quality guideline quotients (mean SQGQsj were developed to répresent the presence of chemical rziix;ures
in sediments and are derjved by normalizing a suite of chemicals to their respective numerical sediment guality gnidelines (SQGs). -
Mean SQGQs incorporate the number of SQGs exceeded and the degree to which they are exceeded and are used for comparison
with observed biological effects in the laboratory or field. The current research makes it clear, however, that the nomber and type ,
of SQGs used in the derivation of these mean quotients can influence the ability of mean SQGQ values to correctly predict acute
wxicity to marine amphipods in laboratory foxicity tests. To determine the optimal predictive ability of mean SQGQs, 2 total of 18
" different chemical combinations were developed and compared. The ability of each set of mean SQGQs to comectly predict the
presence and absence of acute toxicity to amphipods was determined using three independent databases (n = 605, 2753, 226). T
Calculated mean SQGQ values for all chemical combinations ranged from 0.002 to 100. The mean SQGQ that was most predictive s ERML
; g g ‘
of acute toxicity to amphipods is calculated as' SQGQ1 = (S {[cadmium}/4.21)([copper}/270)([lead)/112.18)([silver}/1.77)({zinc}/ y o useds
410)([total chlordane}/6)([dieldrin}/B)([total PAH.)/1,800)([total PCB/400))/9). Both the incidence and magnitude of acute toxicity . aromd
. to amphipods increased with increasing SQGQ! values. To provide better comparability between regions -and national surveys, .
SQGQ! is recommended. to serve as the standard method for combination of chemicals ‘and .respective SQGs when calculating
mean SQGQs. , _ ) ‘ tw0 SUL
: L hloring
Leywords—Sediment quality guideline quotients Amy od oxicity hemical mixtures .
Keywords—Sedi lity guideli i phip T Chemical mi :‘i"g)‘;
o ’ ; studies ¢
: Sl : . individv
e INTRODUCTION present or absent [12]. Chemical mixtures can also be repre- ! bination
, Although the use of empiricaily derived sediment quality sented using SQGs and are generally calenlated by normalizing | initially
snidelings (SQGs) in sediment monitoring and assessment has | -€ach chemical found in the sediment to its respective SQG  iments :
been the subject of debate, recent reports suggest SQGs continue value and then averaging the resulting normalized valnes for  parison,
fo be widely used to predict when chemical concentrations are a given suite of chemicals. These normalized chemical sum- , - tested v
likely to be associated with a measurable biological response marles (hereafter referred'to as mean sediment quality guide- *  theic re
[1-5]. Use of SQGs has been encouraged by recént research line quotients, or mean SQGQs) represent complex ch"j’m,cﬂl atternpt.
that indicates reasonable predictive ability of SQGs ‘\[6] in com- mixtures within each unique sediment sarnple as.a quantitauv ’ -ability t
bination with limited application or regional specificity of chem- ‘pumeric value that incorporates both the magnitude and aum - the 12 ¢
jeal guidelines derived through othier methods [7-11]. The in- ber of SQGs exceeded. Mean SQGQs can be use;i to pr;dlct gf chen
* creasing use 6f SQGs results from a practical need for protective the probability of biological effects in the laboratory or feld . lines (T
management tools when identifying areas where anthropogenic as previously demonstrated {12-14]. In this gmcle, we report © various
chemicals may present a risk to benthic biota. Unformnately, and compare a variety of methods for calculating mean SQGQs [ Tespect
the inappropriate application of SQGs has resulted in criticism ~ With the objective of proposing a standardized method f: ad dh: 2
', of their use in sediment management. There is a need to con- SQGQ calculation that improves the ability of SQGQs to P& " Lo
' tinually reexamine the appropriate use of SQGs as management - Gict Whole sediment acute effects on amphipods. , ?ndl:/ilcll
too}l); Eind‘tc:u refine uses of SQQS to better predict toxicity and/ . METHODS - Sensus . '
or biological community impairment. ' ) : . in
- Empirically derived SQGs have been generated from large This research evaluated the type and number of mﬁy:e;elﬁ :;E;;
sets of synoptically collected chemical and biological data [6). the SQGQ calculation to find chemical combinations t ahj o phipod
- Sediment quality guidelines were developed primarily from predicted biological effects, as indicated by miarine amI;e gal- e
field-collected sediments using statistical approaches that as- mortality in sediment toxicity tests. Mean SQGQS we bable  sample
sociate chemical concentration and biological response. They culated using éffects range-median (ERM) [15,16‘]"and prgime“l of 1153 :
were established to demonstrate the individual chemical con- effects level (PEL) [17] SQG values for normalizing s Jiy el
centrations at which biological effects were expected to be chemical concentrations. The ERM and PEL sediment Q" ks SQCQC
" ' T guidelines have been published for 10 individual trace me " them
* To whom correspondence may be addressed three individual pesticides, 13 individual polycyclic aromﬂs otth
(fairey @mlml.calstate.edu). hydrocarbons (PAHSs), three groupings of individual PAHS Er s
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' Mean SQGQs using ERM guidelines®
ERMQI : ERMQ2 -ERMQ3 ERMQ4 ERMQ5 ERMQ6
Antimony Arsenic Cadmium Antimony - Arsenic | Arsenic
Arsenic Cadmium Chromium Arsenic Cadmium Cadmium
Cadmium Chromium Copper’ Cadmium Chromium Chromium
Chromium Copper Mercury - Chromium Copper Copper
Copper Lead Zinc Copper - Lead Lead
Lead Mereury - Total DDT, Lead- Mercury Mercury
Mercury Silver ' Dieldrin Silver Silver Silver
Sitver Zinc Total PCBs Zinc Zinc . Zinc
Zinc 2-Methylnaphthalene Low mol wt PAHs Total DDT . Total chiordane Total chlordane
Total DDT (OQ) Dibenz(a, hlanthracene  High mol wt PAHs  Total chlordane Dieldrin Dieldrin
Total chlordane - Acenaphthene . Dieldrin Total PCBs Total PCBs
Dieldrin Acenaphthylene Total PCBs - - Low mol wt PAHs Low mol wt PAHs
Endrin Anthracene Low mol wt PAHs High mol wt PAHs Total PAHs
Total PCBs Benz{a)anthracene Total PAHs ‘
Low mol wt PAHs . Benzo[a]lpyrene .
High mo}! wt PAHs Chrysene
. Fluorene

Flucranthene ‘

Naphthalene: - .

Phenanthrene '

Pyrene

p’p“DDE

Total DDT

Total PCBs

*ERMQ chemical combinations used effects range median SQGs [15,16) as ctitical values for mean quotient calculation except ERMQ1, which
used an organic carbon norrmalized SQG [33] value for total DDT. OC = organic carbon; PCBs = polychlorinated biphenyls; PAHs = polycyclic

sromatic hydrocarbons; mol wt = molecular weight.

two summed organochlorine pesticides, and the sum of 18 poly-
chlorinated bipheny! congeners (PCBs) [15-17]. Guideline val-
ves for these 32 chemicals were selected because of published
studies demonstrating the reliability and predictive ability of the
' individqa"l guideline values [6,16]. Two different chemical com-

_binations that were used in previous studies- were compared

“initially and evaluated for their abiiiry 1o correctly classify sed-

iments as toxic or nontoxic. Based on the results of this com-
Parison, 10 additional chemical combinations were sequentially
lested using varidus combinations of the same chernicals and
their respective SQGs. Each successive combination was. an
dttempt by the investigators to improve mean SQGQ predictive
ability based on the results of the previous combination. Six of
the 12 calculation methods were based on various combinations
of chemicals that were divided by their respective ERM guide--
lines (Table 1). Six PELQ calculation methods were based on
Yirious combinations of chemicals' that were divided by their
®espective PEL guidelines (Table 2).

In an attempt to evaluate mean SQGQs that incorporated
1‘qutiona1 types of SQGs, an assessment of the predictive ability
f)f }ndividual‘ SQGs was performed. The assessment included
’j\chvidua] SQGs developed using correlative approaches, con-
¥®nsus approaches, and theoretical approaches. Individual SQGs

- Were selected for inclusion in mean SQGQ quotient calculation
"I&.thods when the values best predicted acute toxicity to am-
:’a:fpods for that chemical or chemical class and were represen-
@ Ve of chemical concentrations most commonly found in field
. "1‘]_3]?3 from the database (italicized entries in Table 3). A total
iCal'D fndmdual SQGs were selected for use in additional chcrg-
SQGCOmbmations. These SQGs were incorporated into six
;l:mlcms divided by a mixture of respective ERM, PEL, or

°F selected individual SQGs (Table 4).

Q calculation méthods that were based on combinations of -

vy

Each mean quotient calculation method included chemicals
and their respective SQGs for each of four major chemical
groups (metals, pesticides, PAHs, PCBs). A total of 18 chem-
ical combinations were evaluated. ‘ )

All mean guotient calculations attempted to use the same
summation methods for chemical classes (total chiordane, total
DDT., total PCBs, low molecular weight PAHS, high molecular
weight PAHs, total PAHs). This step was necessary for valid
cdmparison of mean quotient calcnlations but presented lim-
itations with large multistudy datd seis because of differences
in analyte lists among studies. The methods for summation of
chemical classes used in this study are given in the Appendix
[15,18-20). Individual chemical guotients are calculated by
dividing the measured concentration or class summation con-

centration in the sediment sample by the respective published

sediment quality guideline value for each chemical for which
individual SQGs were derived. A value greater than one in-
dicates the chemical concentration in that sample exceeded its
respective SQG. The mean SQGQ is obtained by calculating

the mean of the resulting individual quotients for a given com-

bination of chemicals. A generalized example of the calcu-
lation is

mean sediment quality guideline quotient -

= (E (larsenic/SQG][chromivm/SQG] [copper/SQG) . . -

% [total chlordane/SQG][tatal PCB/SQG])) / n
where n = _tbtal number of analytes.

Samples that were found 1o have chemical concentrations
less than the method detection limit were adjusted, for purposes
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Mean SQGQs using PEL.guidelines“

——

PELQS

PELQ1 PELQ2 PELQ3 ~ - PELQ4 - - PELQs
Arsenic Cadmium Cadmium Arsenic Arsenic Arsenic
Cadminm Chromium Chromium Cadmium Cadmium Cadmium
Chromium Copper Copper Chromium Chromium Chromium
Copper Lead Mercury Copper Copper Copper-
Lead. Mercury Zinc Lead Lead Lead -
Mercury Nickel Total DDT, Silver Mercury Mercury
Silver - Silver Dieldrin Zinc Silver Silver
Zinc : Zinc Total PCBs Total DDT, "Zine | Zinc
Total DDT (QC) 2-Methylnaphthalene Low mol wt PAHs Total chiordane - Total chlordane Total chlordape
*Total chlordane Dibenz{a,hlanthracene  High mol wt PAHs Dieldrin ' Dieldrin Dieldrin
Dieldrin Acenaphthene Co Total PCBs Lindane Lindane
Lindane” Acenaphthylene Low mol wt PAHs . Total PCBs Total PCRg
Total PCBs Anthracene Total. PAHS Low mol wt PAHs Low mol wt pay,
" Low mol wt PAHs ~ Benz[e]anthracene High mo! wt PAHs - Total PAH;s

High mol wt PAHs Benzo[a]pyrene : .

Chrysene

Fluorene

Fluoranthene

Naphthalene

Phenanthrene

Pyrene

p’p-DDE

Total DDT

Total PCBs

* PELQ chemical combinations used probable effects level (PEL) SQGs [17] as critical values for mean quotient calculations except for PELY,

‘which used an organic carbon normalized SQG [33] value for total DDT. QC = organic carbon; PCBs = ‘polychlorinamc} biphgnyls; PAHs=

polycyclic aromatic hydrocarbons; mol. wt = molecular weight.
i

-of the summation, to a value of one half of the given method
detection limits. When one or more required chemicals were |
- not analyzed for a particular sample, that sample was removed
from the base data set and not included in evaluations of mean
guotient calculation methods requiring that chemical. This step
‘was necessary for valid comparison of the summation methods
and the data sets to which they could be applied.’

This study used chemical and biological data from three
readily available sources as the basis for comparisons of pre-
dictive ability. The sources were the State of California’s Bay
Protection and Toxic Cleanup Program database (BPTCP), the’
National Oceanic and Atmospheric Administration’s (NOAA'S)
national sediment toxicity (SEDTOX) database, and NOAA's

Biscayne Bay survey in Florida. The BPTCP database included "
6035 coastal sediment samples for which synoptic chemical .

analyses and toxicity tests (Eohaustorius estuarius and Rhe-
poxynius abronius) were performed [21-27]. These data were
used for initial comparisons between calculation methods de-
veloped by Fairey et al. {21] and Long et al. {6} and 10 ad-
ditional chemical mixture combinations using ERM and PEL
guidelines for mean quotient calculation. These data also were
used to evaluate the predictive ability of a variety of individual
SQGs with the objective of e\)aluaﬁng_ the predictive ability
of six additional chemical mixture combinations that cormbined
SQGs from different studies. The SEDTOX database included
2,753 sediment samples from studies throughout the coastal
United States for which synoptic chemical analyses and whole
sediment acute toxicity tests (Ampelisca abdita, R. abronius)
were paired {28]. The SEDTOX data was used to confirm
predictive accuracy of mean guotient calculation methods us-
ing BPTCP data and to further evaluate, mean quctient cal-
culation methods that included SQGs from mixed sources, The
Biscayne Bay database {29] included 226 samples analyzed

for sediment chemistry and toxicity (A. abdita) and was u
as a third independent database for testing predictive accurgy,

Chemical data were combined in dBase IV database files mi
manipulated using dBase command programs. Mean SQGQ vt
ues derived from the various unigue chemical combinations i

each sample then were compared with synoptically measusl -
toxicity test responses to assess how well each chemical com

bination predicted acute toxicity. Samples were'classified as tot
for the BPTCP study when sample survival was significanly
different from controls and less than a critical value determin!
using the minimum significant difference 90th percentile that ws
generated from B?TCP data (Eohaustorius estuarius survivih

sample was less than 75% of survival in negative controls, b
abronius survival in sample was less than 77% of survival b

negative conwrols) [21-27,30]. Samples were classiﬁed as tox'if
for the remaining studies when samples were significantly dit
ferent from controls.and less than 80% of negative controls {3}

MacDonald et al. [32] compared mean quotient values.‘11 ,
five critical levels to. agsess associations with measured:bmd
logical effects (<0.1, <0.5, >0.5, >1.0, and >1.5). Loag®" -

MacDonald [12] used similar levels but also included @ ad
ditional level (>2.3) to better evaluaie greater meab SQGQ
values. Seven critical levels (Tables 5 & 6) were used I (’.‘3
current study, with one additional critical level (<0.2) md"de\_
to better evalnate mean SQGQ values in the lower ange>
where the majority of samples fell.

In these analyses; we compared both the i
centages) of acute toxicity and average amphiPOd.
above and below mean SQGQ critical values, The ¢!
identification of optimal predictive ability were that th 6
dence of toxicity increased steadily and average sw¥'" o
creased steadily as mean SQGQs increased; incideﬂc% $whr"
icity was low (<35%) and average survival high (7_80 ’
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' .mbl'g 3. Sample counts and the incidence of acute toxicity to amphipods when effects range medians (ERMS). probable effects levels (PEL.s).

or other individual sediment quality guidelines (SQGs) were exceeded using the Bay Protection and Toxic Cleanup Program (BPTCP) darta (n

' ) = 605)
D=l ' No. | \ No. o : No.
' sam- sam- sam-
ples % ples % ples %
Cherhical name ERM?® > ERM Toxic PEL® > PEL Toxic Other SQGs > SQG Toxic
Antmony g K 25 wale 3 67 NA NA  NA 200 pg/g [11] 0 Na
Arsenic £ 70 ugly 2 100 41.6 pg/g 6 67 700 wg/g (11] 1. 100
Cadmium 4 9.6 pglg 3 100y 4.21 pg/g 11100 NA - NA  Na
Chromium ‘ j, 370 uple 7 71 160.4" uglg 87 36 270 wg/g 11 2 50
Copper 23 K270 uele 69 70, 108.2 ug/g 206 56 1,300 pe/g [11) 3100
[ead \5@:18 welg 15 0301 F112.18 pelg 64 75 660 wglg [11] 3100
Mercury A 0.7 wg/g 110 55 . 0696 pugig 110 s5. @ ‘ﬁ’ 2.1 uglg (11} 19 68
Nickel 51.6 pglg 76 (4l) 1 428 pglg 108 4y NA NA NA'
Silver 3.7 nglg 6 10017 1.77us/p 44 75 6.1 pgfg [11) 1. 100
Zine 2 470 pels 76 78 271 wglg 141 65 1,600 pgfg [11] 5 100
Tota! chlordane jon A/ 6 ng/p (15} -~ 185 54 4.79 nglg. 210 2 NA o NA  NA
tal DDT 46.1 ng/g 214 ) 51.7 nglg 203 é& 100 pglg OC [33] 9 33
Dieldrin B 8 ng/g 30 . 90 43 nglg - s3 7% 20 pg/g OC [9] 0 NA
Endrin ~ " 45 nglg 0 NA NA NA  NA O ¥ 076 ngz 0CI9] 2 100
Lindane NA NA NA 0.99 ngfg 9 67 B\ 0.37 pess OC (9] 2 100
Total PCB 180 ng/g 164 .53 188.79 ngig 157 54 T3 #7900 ng/g (35) 80 65
Acenaphthene 500 ng/g 3 ©.33) 88.9 ng/g 42 53 230 wg/g OC[9) 0 NA
Acenaphthylene 640 ng/g 0 NA 127.89 ng/g 31 58 NA NA  NA,
Anthracene 1,100 ng/g 27 < &R 245 ngig 107 (54 NA NA NaA
Fluorene 540 ng/g 10 @ © 144.35 ng/g 48 @8 NA ! NA NA
2-Methylnaphthalene 670 ng/lg - 3 67 20028 nglg (3 19 63 NA : NA NA
Naphthalene 2,100 ng/g 1 100 390.64 ng/g 9 -@ NA NA NA
Phenanthrene 1,500 ng/g 27 55 543.53 ngl/g 86 - 57 240 pg/zg OC (9] . 8 50
Low mol wt PAHs -3,160 ngfg 25 @ 1,442 nglg 72 51 24,000 ng/g [11) 1 0 .
~ Benzfg)anthracene 1,600 ng/g 32 692.53 ngfg  TA 100 52 NA © NA NA
- Benzo[a]pyrene 1,600 ng/g 59 53 763.22 ng/g DI115 54 NA NA NA
Chrysene 2,800 ngig 31 (4% 84598ngig Q103 52 NA NA Na
Dibenz[a,h)anthracene 260 ng/g &~73 G 134.61 ng/g 115 34 NA NA NA
Fluoranthene 3,100 ng/g 18 @ 1,493.54 ng/g 84 CA}) 300 pg/g QC 9] 13 38
Pyrene A 2,600 nglg . 44 13976 ngly  CJ111 (38 NA “NA  NA
High mo! wt PAHs -9,600 ng/g <IN 51 6,676.14ag/g = 100 51 9,000 ng/g [11] 1 100
Total PAHs 44,792 ng/g -5 60 16,770.54 ng/g 45 G ,800 ug/g OC [20) 10 60

*The number of samples exceeding individual SQGs and the percentage of those samples determined to be toxic were used in selecting which
SQGs were reasonably predictive of toxicity to amphipods and were representative of concentrations commonly found in BPTCP samples.
Selected SQGs (italics) were used in mean calculation methods that incorporated individuai SQGs from a variety of sources. PCB = poly- -
hﬂ\g]:rinated biphenyl; PAH = polycyclic aromatic hydrocarbon; OC = organic carbon; NA = not applicable; mol wt = molecular weight.

RN

Table 4. Mean sediment guality guideline guotient (SQGQ)vchemical combinations using effects range ‘median (ERM) probable effects level
(PEL) and other individual SQGs values ’

Mean SQGQé using combinations of individual SQGs*

SQsan ' SQGQ2 SQGQ3 SQGQ4 SQGQ5 SQGQ6
{égd"“”m Cadmium Cadmium - Cadmium Arsenic Antimony
Lef}’g’ef Chromium Chromium Chromivm Cadmium Assenic
: Copper Copper Copper . Copper Cadmium
S“VE[‘ D PP .
Zine Lead _ Lead Lead Lead Chromium
Totg) Silver Silver Sitver Silver Copper
Dielg ¢hlordane Zine Zinc Zinc Zinc ‘ Lead
ot l;;“ Tatal chlordane : L‘mdage Total chlordane Total chlordan - Mercury .
ol pomS Dieldrin Dieldrin Dieldrin - Dieldrin Silver
AH Endrin Endrin Total PCBs Lindane Zinc .
- Total PCBs Total PCBs Total PAHs Total PCBs Total chlosdane
Toral PAHs Total PAHs Total PAHs Dieldrin
: Endrin
Lindane
Total PCBs
- ) © 3 Total PAHs
& S “ N .
h»Q GQ chemical combinations used ERM, PEL, and other individua) SQGs as critical values for mean guotient calculation. PCB = polychlorinated

Pheny);

) —

PAHs = polycyclic aromatic hydrocarbons.
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Table 5. Comparison of mean sediment quality guideline quotient chemical combinations using the Bay Protection and Toxic Cleanup Progy,
605%); ERM = effects range median: PEL = probable effects level =

(BPTCP) data (n =

ERMQ1 ERMQ2 ERMQ3 ERMQ4 ERMQ5 ERMQs¢
SQGQ ranges (n = 328)° (n = 395) (n = 569) {n = 533) (n = 533) (n =531
>2.3 n =6, 100% n =09, 33% n = 24, 50% n =19, 58% n =9 100% n = 8 100%
>1.3 n=17, 88% n = 13, 46% n = 46, 61% n = 34, 65% n =23, 83% n = 20, 859,
>1.0 n =50 78% n =31, 42% n =92 62% n =52, 63% n = 63, 78% n = 355, 189
>0.5 n= 122 62% n = 94, 50% n = 205, 51% n = 161, 53% - n = 147, 57% n = 136, 609,
<0.5 n = 406, 37% n = 301, 37% n = 364, 38% n =372, 38% n = 386, 371% n = 395, 369,
<0.2 n = 227, 36% n = 175, 36% n = 149, 38% n=182,37% - n=.202 36% n = 212 335¢,
<0.1 n =65 31% n = 65, 39% n = 38, 29% n = 38, 29% n =53, 23% n = 53,239
. PELQ1 PELQ2 PELQ3 PELQ4 PELQS PELQS§
SQGQ range* (n = 528) (n = 394) {(n = 569) (n = 528). {n = 533) (n =531
>2.3 n = 14, 100% n = 20, 35% . n =39 59% n = 29, 66% n = 16, 94% n = 13, 100% '
>1.5 n = 50, 76% n = 43, 44% n = 85, 64% n = 61, 66% n = 55, 716% n = 48, 759
>1.0 n = %1, 70% n = 36, 50% n =142, 58% n =113, 63% n = 95, 69% n = 87, 74%
>0.5 n = 197, 53% n = 127, 48%. n=1274 51% n=241,49% - n = 202, 53% n = 199, 549,
<0.5 n = 331, 36% n = 267, 36% n = 295 35% . n = 287,37% n = 331, 35% n = 332, 359
<0.2 n = 88, 29% ©on= 118, 37% n = 66, 35% n =63, 33% n = 81, 30% n=8229%
<0.1 n=29 21% n = 33, 24% n=17 14% n=2 0% n=25 0% n=25,0%
H
SQGQ1 SQGQ2 SQGQ3 SQGQ4 SQGQSs SQGQ6
SQGQ range® (n = 561) (n = 561) (n = 563) (n = 561) (n = 528) (n = 528)
>23 n = 16, 94% n= 14, 93% n =3, 100% n =16, 94% n =11, 100% n =35, 100%
>1.5 n =42, 76% n =232 81% n =717, 100% n = 39, 82% ' n = 20, 82% n = 14, 100%
>1.0 n = 81, 70% n = 58, 2% n= 18, 72% n'= 71, 69% n =139 7% n=307%
>0.5 n = 160, 60% n = 149, 62% n =98, 73% n = 163, 59% n = 123, 64% n = 108, 71%
<Q.5 n = 400, 36% n= 411 36% n = 465, 36%, n = 308, 36% n = 405, 36% - n = 420, 35% !
<0.2 n = 187, 30% n = 132,28% n=178 31% n= 126, 28% n = 207, 32% n = 203, 36%
<0.1 n = 50, 32% n =3, 66% n= 10, 30% n=17, 18% n =57, 30% n =27 30% !

In the BPTCP database, 250 sediment samples were acutely toxic to amphipods (41%) while 355 were not toxic.

>The count refiects the number of BPTCP samples for which the particular chemical combination could be calculated.

¢ For each SQGQ range, the number of samples with mean quotient values exceeding the respective critical value are given as well as the
percentage of those samples exceeding the critical value that were acutely toxic to amphipods.

mean SQGQs were low (<0.1); incidence of toxicity was hjgh~

(>90%) and average survival was low (<50%) when mean

SQGQs were high (>2.3); and when predictive ability was

similar across SQGQ ranges for different calculation methods,
sample counts were compared to find methods that comrectly
" predicted toxicity for the largest number of samples in each
data set. _ .

RESULTS

As shown by the sample count for the BPTCP database
(Table 5), the number of samples that lend themselves to a
particular calculation method differs dramatically among
methods (n
periodic expansions of the analyte list for the BPTCP over the
‘program’s seven years. In general, the lower the number of
-analytes inchided in the calculation method, the more likely
the derivation could be completed for the majority of samples.
Results demonstrate an increased number of samples being
available for SQGQ calculation and biological comparison
when SQG chemicals were limited.

Using the BPTCP database, toxicity to marine amphipods
(E. estuarius and R. abronius) in 605 sediment samples was
compared with calculated mean quotient values. Based on
BPTCF comparisons with controls and the minimum signifi-
cant difference, 250 samples were classified as acutely toxic
(41%) and 355 were classified as nontoxic (59%). Calculaed
mean quotient values from sediment samples for all derivation
methods ranged from 0.031 (lowest multiple chemical indi-
-cator) to 10.9 (greatest multiple chemical indicaror).

= 354-569 out of 605). This variability is due to

In the BPTCP data, there was a wide range in the patterns
in toxicity among the different calculation methods {Table 5).

Generally, SQGQ values above the greater critical values were

associated with greater proportions of toxic samples while
those below the lower critical values were associated with
reduced proportions of toxic samples. In two cases (ERMQZ

PELQ2), the incidence of toxicity did not increase appreciably :

with increasing chemical concentration. In four cases
(ERMQ3, ERMQ4, PELQ3, PELQ4), the increase in toxicity
was minimal with increasing chemical concentration. One hy-
brid combination of several types of sediment quality guide-
lines for mean quotient calculation (SQGQS6) resulted in the

greatest association with the incidence of toxicity to amphi :

pods (100% for values >2.3
general, predictive ability improved when mean quotient cok
culations utilized SQGs developed using a variety of corr
parative statistical approaches (e.g., ERM, PEL, consensus
equilibrium partitioning). Associations with the incidence of
toxicity were lowest for all methods when mean quotlem vak
ues dropped below 0.1. )

Using SEDTOX data, 2,753 samples were examined fof
associations between toxicity to marine amphipods (. €¥
tuarius, A. abdita, and R. abronius) and all 18 mean quotien!
calculation methods. Of these samples, 484 were classified ®

toxic (18%)-and 2,269 were classified as nontoxic {82%). The ) '

f
lower incidence of toxicity reflects the primary program £ god

of identifying general spatial status and temporal trends along
the coastal margins of the United States rather than mvesun
ﬂanon of con[armnated sites as with BPTCP. Calculated me?

and 100 % for values >1.5).1n {



Table 6. (‘ompauson of mean sediment quality guideline quottent (SQGQ) calculation methods using SEDTOX database, Biscayne Bay (FL, USA) and combined data; effects range median = (ERM);
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probable effects level = (PEL)"

S—
—~—
¢ g

Comparison of SQGQ'calculation methods 1o toxicity using SEDTOX data (n = 2,753%)" -

SQGQ SQGQI SQGQ2 SQGQ3 SQGQ4 - 8QGQs SQGQ6 PELQI ERMQ2 "ERMQ6
range* (nt = 1,433) (n = 977) (n = 1,i34) (n = 1,367 {(n = 1,385) {(n = 946) (n = 1,286) (n‘ff 1,668) (n = 1,399)
=23  a =19, 8% n =17, 53% n =12, 0% n =19, 79% n =15, 73% n=9 1% n =28 71% n =13, 54% n = 19, 79%
>1.5 o= 33, 88% n =29, 66% n = 24, 30% n =32 81% n = 30, 7% n = 25, 60% n = 38, 69% n = 25, 64% n = 3], 84%
>1.0- n =70, 718% n =52, 70% n =49, 51% n = 58, 76% n = 58, 712% n = 40, 60% n =116, 56% it = 46, 72% n= 6L 7%
>0.5 n = 216, 48% n = 184, 42% n = 183, 40% n = 2035, 45% n =176, 46% n = 136, 48% n = 241, 40% n = 127, 52% n = 168. 47%
<05 n = 1218, 8% n=792 6% n = 949, 9% n=1161,6%  n= 1206, 8% n = 809, 7% ©on = 1,045, 3% n = 1,541, 8% n=1231,7%
<(.2 n = 1,022, 5% n = 636, 3% n = 766, 5% n = 933, 4% n = 1,007, 4%. n = 666, 3% n = 822, 3% n = 1378, 6% n = 1049, 4%
<0.1 n = 768, 4% n = 459, 2% n = 513, 3% n = 656, 3% n = 746, 3% = 487, 2% n = 537, 3% n = 1,196, 3% n = 806, 4%
- Comparison of SQGQ calculation methods fo toxicity using Biscayne Bay data (n = 226%)

SQGQ SQGQI SQGQ2 - SQGQ3 SQGQ4 - SQGQ5 SQGQ6 PELQI ERMQ?2 ERMQ6
range (n = 226) (n = 226) (n = 226) - (n =.226) (n = 226) (n = 219) (n = 226) (n = 226)_ E {(n = 226)
>2.3 n = 6, 100% n = 4, 100% n=0 n =6, 100% n =4, 100% - n =3, 100% n =35, 100% n=70 » “n =4, 100%
>1.5 n =9, 100% n =7, 100% n =3, 100% n =7, 100% n =7, 100% n =6, 100% - n =12, 83% n=361% n =9 89%
>1.0 n = 18, 83% n = 15, 87% n = 6, 100% n =16, 81% in = 14, 86% n =9 100% n = 20, 75% n=667% n = 14, 86%

- >03 0= 24, 7% n = 23, 74% ‘n =18, 78% n = 23,74% n o= 23, 714% n =19, 79% .= 26, 65% n=17,77% n=2471%
<05 n = 202, 4% n = 203, 4% n = 208, 3% n =203, 4% n = 203, 4% n = 200, 5% n = 200, 4% n = 208, 6% = 202, 4%-
<0.2 n = 187, 4% n = 188, 4% n =193, 4% a = 187, 4% = 188, 4% n = 188, 4% n = 180, 4% n = 198, 5% = 189, 4%
<0.1 n = (56, 4% n = 163, 4% n = 167, 4% . n = 138, 4% o= 162, 4% n= ]§6, 4% n =131, 3% n = 180, 4% = 162, 4%

Comparison of SQGQ calculation methods {o toxicity using minimized common data from 3,584 sainples (n = 1,692°) -
5QGQ . 8QGQL SQGQ2 SQGQ3 SQGQ4 SQGQS SQGQ6 PELQI ERMQ2 ERMQ6
ranges {n = 1,692) (n = 1,692} (n = 1,692) {n = 1,692) (n = 1,692) (n = 1,692) {(n = 1,692) (n = 1,692) (n = 1,692)
>23 n =32 100% n =32 75% n =15, 20% "= 34, 94% n =26, 92% n =17, 53% n = 45, 87% n =18, 56% — n = 28, 89%
>135 u=6287% n = 58, 16%. n = 33, 48% - n =59, 88% n = 50, 84% n = 43, 718% - on=112,76% n = 37, 65% n = 55, 85%
>10 n = 127, 80% n = 107, 76% n = 65, 63% n = 115, 78% n = 98, 78% n =179, 7% n = 214, 65% 1 =175, 65% n= 118, 81%
>0.35 n = 313, 56% a = 316, 54% n = 203, 56% n = 321, 56% n =282, 57% n = 263, 60% n = 416, 50% n =210, 57% = 290, 57%
<{1.3 no= 1,377, 13% n = 1376, 13% n = 1429, 10% n= 1371 13% n = 1,410, 12% no= 1,429, 11% n = 1,276, 13% n = 1481, 17% = 1402, 15%
<{.2 n = 1,039, 8% n =946, 7% n.=977, 8% n = 960, 6% n = 1,073, 9% n = 1,057, 9% n = 839, 5% n = 1,245, 14% = 1,091, 10% -
<0.1 n =724, 4% = 619.3% = 604, 3% = 635, 3% n = 740, 4% n = 680, 4% n = 540, 3% n = 1,009, {1% = 766, 4%

* o the SEDTOX (hnbase 484 sedm\cm samples were acutely toxic to amphipods (18%) while 2,269 were not toxic.
® The count (1 values in the column heads) refiects the number of samples in each database for which the particular chemical combmanon could be calculated.

= For each SQGQ range, the number of samples with mean quotient values exceedmg the respective critical value are given as well as the percentage of those samples exceedmg the critical value
that were acutely toxic to amphipods.

41n the Biscayne Bay database,
® fn the minimized common database, 371 sediment samples were acutely toxic to amphipods (2:

25 sediment samples were acu(ely toxic to amphipods (11%) while 201 were not toxic.

%) while 1,321 were not (ox:c
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. -wsut values for all 18 methods ranged from 0.01 to 100.

The unique combihation most predictive of toxicity to- am-

phipods was SQGQ1. This combination of mixed sediment
guality guidelines for mean quotient calculation resulted in the
greatest association with the incidence of toxicity to amphi-
pods (89% for values >2.3 and 88% for values >1.5; Table
6): Other derivation methods yielded reduced associations
(30%~81%) with observed toxicity for values greater than 1.5

{Table 6). The incidence of toxicity invariably was less than-

10% in samples with lesser mean quotient values ( <0.5).

As with the BPTCP database, thers was a significant dif-
ference in the total number of SEDTOX samples for which
mean quotient values could be calculated using different chem-
ical combinations. Totals ranged between 946 and 1,668 and

represented 35 to 60% of the available data. The method that -

used the greatest number of chemicals (24 for ERMQ2) in the

mean guotient calculations yielded the largest number of cal-
culated SQGQ values (Table 6) but also demonstrated some -

of the lowest incidences of associated toxicity, Including the
- large number of individual PAHS in the ERMQ?2 calculation
was conducive 1o use of the data set but did not improve
associations with acute amphipod toxicity. The SQGQ1, which
incorporated only nine chemicals (no individual PAHs) and
most accurately predicted toxicity, could be calculated for
1,435 samples, representing slightly more than one half of the
available data. - ‘ .
Most mean quotient calculation methods provided good
predictive ability in the Biscayne Bay data (Table 6). Both
SQGQ6 and SQGQI predicted equally well based on the num-
- ber and percentage of samples that were toxic (100%) when
mean guotient values were greater than 1.0 and 1.5, respec-
tively. The incidence of toxicity was greater than 70% for
SQGQ6 and SQGQI when values were greater than 0.5, while
values less than 0.5 were toxic less than 3% of the time.

To demonstrate general relationships between acute toxicity

to amphipods and SQGQ values, data from all three sources

* were combined into a single data set. Reduction of the com- .
bined data set of 3,584 samples to only those samples that -

could be used in all 18 quotient calculation methods resulted
in a common data set of 1,602 samples. Caleulated mean quo-
tient values for all-18 methods ranged from 0.002 o 100. The
SQGQ1 resulted in the greatest association with the incidence
of toxicity to amphipods (100% for values >2.3 and 87% for
values >1.5). A low incidence of toxicity (4%) was observed
when SQGQI1 values were less than 0.1 (Table 6). Table 7
identifies the percentages of samples that were acutely foxic
for 12 ranges of SQGQ1 values. Also expressed iz the mag-
nitude of the toxic response (as mean % survival) over the
same SQGQ! ranges. The SQGQL values were highly corre-
lated with the incidence (+* = 0.901, p < 0.001) and magnitude
(rr = 0.913, p < 0.001) of acute toxicity (Fig. 1).

DISCUSSION

Mean SQGQs have been used previously to compare ox-
icity test response and obsérved benthic community response

" 1o concentrations of a mixture of 16.chemicals in coastal sed-
iments from California, USA [21). Similarly, Long et al. [6)
used mean SQGQs to compare observed toxicity test response
with 2 mixture of 24 chemicals in test sediments from'a na-
tional database (r = 1,068). Both these studies found a patern
of increasing incidence of toxicity in sediments with increasing
mean SQGQ values and identified critical levels above which
biclogical effects could be predicted. Bach of these studies

Table 7. Acﬁtc amphipod toxicity associated with SOt
common samples from combined NQAA/BPTCP/
: database (n = 1,692)

’ . % of Average
SQGQ1 Range

No.of Samples % Sur-
range average samples  toXic vival
0-0.1 004 724 4 - 95
0.1~0.25. 0.16 389 19 83
0.25-0.5 035 262 33 16
0.5-075 0.62 113 - 32 76
0.75-1.0 0.87. 7. 82 - 70
1.0-1.25 1.1 . 44 68 53
1.25-1.5 1.36 21 81 36 ¢
1.5-2 1.62 21 67 43 7
2-2.5 22 T 91 36 9.
25-30 . 272 10 100 33 9
3.0-35 3.23 10 100 20 102
>335 4.63 10 100 13 122

e

*NOAA = National Oceanic and Atmospheric Adminisiag
BPTCP = Bay Prowction and Toxic Cleanup Frogram; SQGg-
sediment quality guideline quotient; ERM = effects range medipy,

used effectsirange median values to derive mean SQGQs, jy

chemicals used in the quotient calcnlation methods were py !

identical. Long et al. [6] used 13 individual SQGs to repregey
the individual polycyclic aromatic hydrocarbon compounds
the average, while Fairey et al. [21] represented the PAHs by

‘using two individual SQGs, one each for low and high mo

lecular weight PAH classes. Another difference is that Long

et al. [6] represented the organochlorine pesticides using ERMs ,
for p/p’-DDE and total DDT, while Fairey et al. [21] repe

sented organochlorine pesticides using ERMs for total chl
dane, dieldrin, endrin, apd an organic carbon normalized vale

for DDT [33]. These seerningly ‘minor differences had te

potential- of yielding dramatically different results. For e
ample, there is poor correlation (Pearson’s correlation, r =
0.119) between mean SQGQ values calculated by these twe

mean SQGQ caleulation methods in the present paper (ERMQl .

[21] and ERMQ2 [6); Table 2) using chemical data from Cat
ifornia’s Bay Protection and Toxic Cleanup Program (BPTCR

n = 605). Investigation of outliers that grouped far‘from pre-

dicted values indicated that chemical mixtures were dominaied
by DDT or PAHs in those particular California samples. As

- demonstrated in Table 3, the predictive abilities of ERM 3QG
for DDT and most individual PAHs were low using BPTCP

data. Inclusion of these individual SQGs in the mean SQG0
calculation method reduced the overall predictive ability of
the mean ERMQ2 values. Using ERMQL, 88% of the mot

contaminated samples (ERMQ1 > 1.5) were observed o b
toxic to amphipods (R. abronius and E. estuarius), while 8¢
incidence of associated toxicity drops to 46% for ERMQ? -

values >1.5 (Tablé 3). Also of note is that the mean quotie?

calculation method requiring the greatest nomber of chemicall
"(ERMQ2) resulted in the fewest samples available for me®
quatient calculation. Missing chemical analytes over multiple -

years of the program limited the utility of the ERMQZ2 valu®

as indicators of chemical mixture concentration in this 48

set. These results demonstrate how selection of individ‘f‘fl
SGQs to be included in the mean SQGQ, in this case pat

ularly with DDT and PAHs, can influence the outcome of 0

subsequent analysis.

In the data analysis reported here, the ability of ¢

SQGQs to accurately predict the probability of observing at

- . ; . : o
associated biological effect is dependent on the combinatid
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Fig. 1. Amphipod response over the range of average sediment quality guideline quotients (SQGQI) values. Values were calculated-from 1,692
samples for which all 18 chemical combindtions could be calculated from the combined National Oceanic and Atmospheric Administration/Bay
Protection and Toxic Cleanup Program (NOAA/BPTCP), Biscayne Bay databases. Logarithmic fit equation for percent of samples toxic versus
SQGQis y = 0.2352 In(x) + 0.6487 (+* = 0.901, p < 0.001). Linear fit equation for average % survival versus SQGQ is y = ~0.1774(x) +

08277 (* = 0.913, p < 0.001).

i

of cﬁemicals and SQGs used in the calculation. Thig felation- - .

ship becomes clear from the wide range of predictive success
observed among derivation methods presented here. It is also
clear that use of different data to assess mean SQGQ calcu-
lation influences the estimates of predictive ability for sedi-
ment toxicity. This demonstrates that calculation methods for
mean SQGQs must be refined and standardized using a method
for which predictive ability and interstudy comparability are
not comproraised. This point is critical to our future use of
mean SQGQs and will directly impact their utility as assess-
ment tools. c
To refine cajculation of mean SQGQs, a major assumption
must be made that chemical analytes used in the mean SQGQ
Cﬂlgulatio,n are indeed representative of, or surrogates of, the
toxicologically significant chemical mixture in the samples
regardless of which chemicals were quantified in the analyses.
This is g simplistic approach because of the seemingly infinite
ﬂunllber of chemical combinations present in field-collected
sediments, In addition, each research or monitoring program
that generaes sediment chemistry data has its own objectives
ﬂnd‘resuhant analyte lists, based on economic and regional
enVironmental considerations. Use of chemicals that occur
;'1‘1‘;311‘1310mmon1y across many programs will maximi;e data use
widej row deve]oprpem of mean SQ_QQS more agphc_:able to a
Chniceanfge Df envqonmental cqndxt{ons and pb_mcpvg& 'T\he
howeV: btoxlcologlcany rgpresentanve chf:rrugals is limited,
edge off,hy current;analyncal m;thodologes anq our kpowl-
iy l.osev chemicals in the htgature iqr wh:cp_sedxn{ent
i rimdc:hnes have been gstabhshcd. This operapona] lim-
. ﬁmjcala,ndmes the assumprion tht those few pubh.shed 5QG
inatioy | analytes are representative of anthropogenic contar-
' Surrouat:.th,e. sample or that they serve well as covarying
. U;witiS; I} is constructive, thqugh, .becaluse, as dgmonsuat-
hore da:'b the n}xmber‘ofx chemicals in the calculation allows
& 10 be included in correlative analyses. The obser-

M‘-—-

. [
'

- vation that only 4% of szunbles were toxic when toxicity was
not predicted (i.e., mean SQGQ1 < 0.1; Table 6) suggests that
chemicals for which analyses were not performed, or for which
there are no individual SQGs, infrequently occur at toxico-
logically significant concentrations in otherwise uncontami-
nated samples. . ' ’
~ An implication of the mean SQGQ approach is that toxi-
cological mechanism(s) of the representative chemicals are
additive! Independent experimental evidence has demonstrated
that acute toxicity to amphipods by some substances, such as
PAHs, are similar and additive when known combinations of
chemicals are spiked into clean sediment [34]. The research
presented here does not provide direct experimental evidence
of additivity. The results are, however, consistent with the
hypothesis because sediments are toxic more frequently when
chemical concentrations simultaneously exceed increasing
numbers of individual SQGs. Table 7 demonstrates that, as
increasing numbers of effects range median SQGs are ex-
ceeded, the incidence and magnitude of toxicity correspond-
ingly increases. An additional observation in the current re-
search is that associations between toxicity and mean SQGQs

" improve by removing chemicals with Jess predictive SQGs

(Table 3) from the quotient calculations. This suggests that
effectively representing toxicological modes of action may be

more important to SQGQ predictive accuracy than simply in- .

clnding additional toxic chemicals' to the representative chem-
ical matrix. '

Consideration of the issues discussed here and the results
presented here leads to the recommendation that a standard
method for combination of chemicals and respective SQGs
should be adopted for the calculation of mean SQGQs to atlow
comparability between regions and surveys. The current re-

search has demonstrated that, for the methods and data tested,

SQGQ1 best meets the criterion for predictive accuracy and
data utility. The SQGQI combination achieves this by incor-
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Table 8. Chemicals and sediment quality guidelines used in chemical
. combination SQGQ1*

SQGQ! : .
chemicals SQG concemtration Guideline type
Cadmium 421 pg/g dry wt .PEL [17}
Copper 270 wp/g dry wt ERM [16]
Silver 1.77 pglg dry wt PEL [17]

. Lead 112.18 pg/g dry wt PEL [17]
Zinc 410 pg/g dry wt ERM [16]
Total chlordane 6 ng/g dry wt -ERM [13]
Dieldrin 8 ng/g dry ‘wt ERM [16]
Total PAHs 1,800 pg/g OC - Consensus {20)
Total PCBs 400 ng/g dry wt Consensus {35]

»SQGQ = sedimemt quality guideline quotients; PEL = probable .

effect level: ERM = effect range median; PAH = polycyclic aro-
" matic hydrocarbon; PCB = polychlorinated biphenyl; OC = organic
carbon. '

porating a number of theoretical and empirical sediment qual-
ity guidelines (Table 8) from a variety of reliable sources
[16,17,20,35]. As evaluated with the criteria for identification
of optimal predictive ability, the incidence of toxicity increased

steadily and average survival decreased steadily as mean

SQGQ1 values increased. The incidence of toxicity was less

than 5% and average survival was over 90% when mean -
SQGQ1 values were less than 0.1. The incidence of toxicity"

was greater than 90% and average survival was less than 50%

when mean SQGQU values were greater than 2.3. The SQGQ1 ..

calculation method incorporates SQGs for nine of the most
commonly measured chemicals and best utilizes available data
in the tested data sets. Until a more predictive method has
been demonstrated, SQGQ1 is recommended to serve as the
standard for calculation of mean SQGQs whén comparing with
acute toxicity to 'amphipods,. SQGQ1 is calculated as

SQGQ! -
= ([ (rcadmivm)/4.21)((copper}/270)(Tlead}/112.18)
o X ([silver]/1.77)([zinc])/410)([total cms;dane]/ﬁ)
X ({dieldrin}/$)([total PAHoc/1800) ([total PCB}/400))
- 9) »

An additiopal recommendation concerns sediments where

unique chemical conditions prevail or regional anthropogenic .

activities warrant special consideration. In these simations,
_investigators might adjust the mean quotient derivation method
to better fit local environmental or management concerns. A
unique chemical example would be in a large agricultoral wa-
tershed. Where endrin has been found.to be a primary chemical
of concern, managers may wish to incorporate the U.S En-
vironmentzl Protection Agency’s EqP-based sediment guality
guideline for endrin into their mean quotient derivation meth-
od. This flexibility will ensure a major component in the wa-
tershed’s chemical signature is not ignored when investigating
the relationship between chemical mixtures and biological ef-
fects. With this type of specific objective, the derivation meth-
od that best demonsuates associations between chemicals of
interest and biological effects will be the most effective tool
for utilizing probabilities of toxicity and focusing local cau-
sality studies. It is important, however, that investigators report
differences in the mean SQGQ calculation methods. We rec-
ommend use of the SQGQ1 method reported here for providing
national and regional perspeciive and, if needed, include alocal.

1

. " sublethal tests were added to those from the acute amphiped
- bioassays. Evaluation of mean SQGQs-using large databases
* that include bioassays with reproductive, developmental, and

research reported here should serve to strengthen empif

R. Fairey ey

method for addressing any unique local chemical miXture
specific management objectives. The ability to exercise
ibility with derivation methods should encourage and epp
the effective use of mean SQGQ values,

As with other empirical approaches to evaluating sedimey,
contamination u;?ing sediment quality guidelines, l'unitations
in the use of the mean SQGQs must be acknowledged. The
SQGQ1 approach is meant 1o serve as a central tendency j,
dicator (i.e., as means of multiple individual quotients) of con.
tamination for a complex sediment matrix. The disadvanigy, "
of central tendency indicators is that they minimize the p;,_
tential for impact from any one component. Therefore, whey
perfarming a sediment toxicologic evaluation, it is Prudent, '
consider chemical exposure on an individual chemica] bagyg -
in addition to the chemical matrix basis described here. Cop,.
sideration of indi\'/idual SQGs may. help in situations whe; '
exposure to single chemicals is poorly represented by overy)

3 o
fley, .
ﬂncq '

- contamination within a sample. The point to emphasize is fy
* mean SQGQs should not be used as the sole indicator of geq.

iment contamination. They should be used as additional togl’
in our efforts to better understand the relationships betweey
chemical exposure and biological response. Use of mey
SQGQl should fit well in the conceptual framework of rhy |
sediment quality triad that emphasizes a weight-of-evidencs
approach to sediment quality assessment [36]. ‘ o

The current research has focused on manipulation of mul- ‘
tiple chemical constituents to investigate their relationships !
with a single biological response. Critical values selected for .
classifying toxic biological responses are a major factor in the :
results presented here, and it should be noted that the critical
values used as biological benchmarks for 'cornparisdn-over
selected SQGQ ranges are themselves currently subject to in-
vestigation. New methods for determining toxicity are being
examined [30,37,38] while others are reviewing current meth-
ods with more ex,ténslive data sets than have previously been
assembled [28]. Results may influence the selection of critical
values, such as ¢ test-and minimum significant difference de-
terminates used in this study. As methods for determination
of toxicity are revised, the need to revisit reiationships between
toxicity and chemistry also may follow.

“The current research has focused on acute toxicity of sed-
iment fo marine amphipods as the sole measure of biological |

" response. There is a need to further this research and derive

optimal chemical mix{ures,for cofrelating with other test spe

cies and regponse parameters. Long et al. [6] reported thatthe

incidence of toxic samples increased markedly when data from

chronic endpoints are needed to further validate use of meat
SQGQs. Subsequent research should continue to expand - :
vestigation of impacts of mnltiple contaminants {0 measurs

*in other environments and 1o measures. of individual and €07
‘munity response in the field. Work with freshwater species
‘being repofted [32], and rélationships similar to those rcepfﬂ"ed
" here are emerging between toxicity to several freshwater €

species and mean SQGQs. Current efforts by Hyland et al.

[14), Lowe and Thompson [39], and Fairey et al. {21] include

investigations of marine benthic community response and "
demonstrated increased probabilities of community impacts

. . i
mean SQGQ values increase. These efforts and the curref
Tl
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evidence supporting the use of mean SQGQs as interpretive

100ls-

,\ckumvledgemem-—-Funding support for the current research was
from California’s State Water Resources Control Board Bay Protection
and Toxic Cleanup Program. Data from the SEDTOX database and
Biscayne Bay were graciously supplied by NOAA through Jay Field
(Office of Response and Restoration).

[

w

[=2%

[

REFERENCES

_Lee GF Jones-Lee A, 1996. Can chemically based sediment qual-

ity criteria be used as reliable screening tools for water quality
jmpacts? Learned discourses: Timely scientific opinions. SETAC
News 16:14-15.

. Long ER. 1996. Numerical sediment quality guidelines can be

used as reliable interpretive tools. Learned discourses: Timely
scientific opinions. SETAC News 16:18-19. .

. Sampson TR, Pastorak’ RA, Ginn TC. 1996. ER-L and ER-M

values should not be used to assess contaminated sediments.
Learned discourses: Timely scientific opinions. SETAC News 16:
20-31.

. O'Conner TE. 1999. Sediment quality guidelineé do not guide.

Learned discourses: Timely scientific opinions. SETAC News 19:
28-29. ’

. Long ER, MacDonald DD. 1999. Sediment guidelines do guide

those willing to see—A reply to Dr. Tom O'Conner. Learned
discourses: Timely scientific opinions. SETAC News 19:21-22.°

. Long ER, Field LJ, MacDonald DD. 1998. Predicting toxicity in

marine sediments with numerical sediment quality guidelines.
Environ Toxicol Chem 17:714-727. .

. Long ER, MacDonald DD, Cubbage JC, Ingersoll CG. 1998.

Predicting the toxicity of sediment-associated trace metals with
simultaneously extracted trace metal: Acid volatile sulfide con-
centrations and dry weight-normalized concentrations: A critical
comparison. Environ Taoxicol Chem 17:972-974.

. O'Conner TP, Daskalakis XD, Hyland JL, Paul JF. Summers JK. °

1998. Comparisons of .sediment toxicity with predictions based
on chemical guidelines. Environ Toxicol Chem 17:468~471.

. U.S. Environmental Protection Agency. 1993. Technical basis for

establishing sediment quality criteria for nonionic contaminants
fpr the protection of benthic organisms by using equilibrium par-
tiioning. EPA 822-R-93-011. Office of Science and Technology,
Washington, DC. ' ‘

. Di Toro DM, Mahoney JD, Hansen DI, Scott KJ, Carlson AR,

Ankley AR. 1992. Acid-volatile sulfide predicts the acute toxicity

gfﬁ cagmium and nickel in sediments. Environ Sci Technol 26:
-101.

- PTIEnvironmental Services. 1991. Pollutants of concern in Puget

Sound. EPA 910/9-91-003. U.S. Environmental Protection Agen-
cy, Seattle, WA. ’ .

2 Long ER, MacDonald DD. 1998. Recommended use of empiri-

cally-derived sediment quality guidelines for marine and estuarine
tcosystems. Human Ecol Risk Assess 4:1019-1039.

- Curr RS, Long ER, Windom HL, Chapman DC, Thursby G, Slo-

ine GM, Wolfe DA. 1996, Sediment quality assessment studies

;’f Tempa Bay, FL, USA. Environ Toxicol Chem 15:1218-1231. .
- Myland JL, Van Dolah RE Snoots TR. 1999. Predicting stress in

benthic communities of southeastern U.S. estuaries in relation to

ghe_mical contamination of sediments. Environ Toxicol Chem 18:
2557-2564.

- Long ER, Morgan'LG. 1990. The potential for biological effects

;{f sediment-sorbed contaminants tested in the National Status and

yends Program. NOAA Technical Memorandum NOS OMA 52.

Ugt)qona.ll(sl)csanic and Atmospheric Administration, Seattle, WA,
A.p 175,

- Long ER, MacDonald DD, Smith SL, Calder FD. 1995. Incidence

of . R L ; )
adverse biological effects within ranges of chemical concen-

fragy 3 . . . .-
Si“‘;_‘ils In marine and estuarine sediments. Environ Manag 19:

 MacDong)g DD, Carr RS, Calder FD, Long ER, Ingersoll CG.

1996,

o FlDevélopmem and evaluation of sediment guality guidelines

Orida coastal waters. Ecoroxicology 5:253-278.

> Edvironmental Protection Agency. 1995. Guidance for As-

yessi . K . . " .
g Chemical Comaminamt Data for Use in Fish Advisories,

% 1~—Fish Sampling and Analysis, 2nd ed. EPA §23-R-95-007.
€t of Wayer, Washington, DC.’

30.

31

33.

34.

35.

36.

38.

‘39.

Environ. Toxicol. Chem. 20, 2001 2285

. National Oceanic and Atmospheric Administration. 1989. Stan-

dard analytical procedures of the NOAA Analytical Facility, 2nd
ed. NOAA Technical Memorandum NMFS F/NWC-92, 1985-86.
National Status and Trends Program, U.S. Department of Com-

' merce, Rockville, MD.
20. Swartz RC. 1999. Consensus sediment quality guidelines for

polyeyclic aromatic hydrocarbon mixtures. Environ Toxicol
Chem 18:780-787.

. Fairey R, et al. 1996. Chemistry, toxicology, and benthic com-

munity conditions in sediments of the San Diego Bay Region.
CA State Water Resources Control Board Final Report. Sacra-
mento, CA, USA.

. Anderson BS, et al, 1997. Chemistry, toxicity and benthic com-

munity conditions in sediments of the southern California bays
and estuaries. California State Water Resocurces Control Board,
Sacramento, CA, USA.

23. Downing J, et al. 1998. Chemical and biological measures of

sediment guality in the central coast region. California State Water
Resources Control Board, Sacramento, CA, USA.

. Jacabi M, et al. 1998. Chermical and biological measures of sed-

iment quality and tissue bioaccurnulation in the north coast region.
California State Water Resources Control Board, Sacramento, CA,
USA. :

. Phillips BM, etal. 1998. Sediment chemistry, toxicity, and benthic

community conditions in selected water bodies of the Santa Ana
region. California State Water Resources Control Board, Sacra-
mento, CA, USA.

. Anderson BS, et al. 1998, Sediment chemistry, toxicity, and ben-

thic community conditions in selected water bodies of the Los
Angeles region. California State Water Resources Control Board,
Sacramento, CA, USA.

. Hunt JW, et al. 1998. Sediment quality and biological effects in
. San Francisco Bay. California State Water Resources Control

Board, Sacramento, CA, USA.

. Field LJ, MacDonald DD, Norton SB, Sévem CG, Ingersoll CG.

1999. Evaluating' sediment chemistry and toxicity data using lo-
gistic regression modeling. Environ Toxicol Chem 18:1311-1322.

. Long ER, et al. 1999. Magnitude and extent of chemical contam-

ination and toxicity in the sediments of Biscayne Bay and vicinity.
NOAA Technical Memorandum NOS ORCA 141. National Qce-
anic and Atmospheric Administration, Silver Spring, MD, USA.
Phillips BM, Hunt JW, Anderson BS. 2001. Statisticalsignificance
of sediment toxicity test results: Threshold values derived by the
detectable significance approach. Environ Toxicol Chem 20:371—
373.

Thursby GB, Schlekat CE. 1993. Statistical analysis of 10-day

_solid phase toxicity data for amphipods. Abstracts, 14th Annual

Meeting, Society of Environmental Toxicology and Chemistry,
Houston, TX, USA, p 99.

. MacDonald DD, Ingersoll CG, Berger TA. 2000. Development

and evaluations of consensus-based sediment quality guidelines

“for freshwater ecosystems. Arch Environ Contam Toxicol 39:20~

31.
Swartz RC, Cole FA, Lamberson JO, Ferraro SP, Schults DW,
DeBen WA; Lee I H, Ozretich RJ. 1994. Sediment toxicity, con-
tamination and amphipod abundance at a DDT- and dieldrin-
contaminated site in San Francisco Bay. Environ Toxicol Chem
13:945-962. ) )

Swartz RC, Kemp PF, Schults DW, Lamberson JO. 1988. Effects
of mixtures of sediment contaminants on the marine amphipod,
Rhepoxynius abronius. Environ Toxicol Chem 7:1013-1020.
MacDonald DD, DiPinto LM, Fields J, Ingersoll CG, Long ER,
Swartz RC. 2000. Development and evaluation of consensus-
based sediment effect concentrations for polychlorinated biphe-
nyls. Environ Toxicol Chem 19:1403-1413.

Chapman PM, et al. 1997. General guidelines for using the sed-
iment quality triad. Mar Pollut Bull 34:368-372.

. Smith R. 2001. The use of random-mode! tolerance intervals in

environmental monitoring and regulation. J Agric Biol Environ
Srar (in press). .

Thursby GB, Heltshe I, Scott K. 1997. Revised approach to
toxicity test acceptability criteria using a statistical performance
assessment. Environ. Toxicol Chem 16:1322-1329.

Lowe S, Thompson B. 1999, Results of the Benthic Pilot Study,
1994-1997. IL: Identifying benthic responses to contamination in
San Francisco Bay. San Francisco Estary Regional Monitoring
Program for Trace Substances. Technical Report 39. San Fran-
cisco Estuary Insturtute. Richmond, CA.




Lsm0U eawron. Toxicol. Chem. 20, 2001

APPENDIX

Sumrnauans used in sediment quahcy guideline quotient (SQGQ) chemical combinations; references are given for source of S“mmau(,
techmque

Total DDT (15.18] = ? {{o'p’-DDD}{p'p’ -DDDI{e'p -DDE][p’,p‘-DDE][O',p'-DDT][P',-P"-DDT}.)
Total chiordane [18]

2 ([cis‘-chlordane {rrans-chlordane]{cis-nonachlor)[rans-nonachlor] {oxychlordax;e])
Total PCB [19F = . ([PCB8][PCB18][PCB28)[PCB44] [PCBS2].[PC366] [PCB101][PCB105)[PCB118)[PCB128)[PCB 13g;
[PCB153][PCB170][PCB180]1[PCB 187](PCB155][PCB206](PCB209])2)
Z ([acenaprhene][acendphthylene][anthmcene][ﬂuoreue][naphthalene][phenam.hrene])

n

]

Low molecular weight PAHs [20] =
High molecular Wcighc PAHs (20] = E({benz[a]amhracene][benzo[a]pyrene]ﬂ)enzo[b]ﬂuormthcne]<benzo[k]ﬂuoranmene] {chyrsene]
{fluoranthene){pyrene]) .

Total PAHs {20] = E ([low molecular weight PAHs](high molecular weight PAHs])

s This summation is based on work of O’Conner (19] for the National QOceanic aind Atmospheric Administration’s National Status and Trengs

Program while developing comparnbxhty between individual PCB congener summations and historic Aroclor equivalents. PCB = polych]onnmed
biphenyl; PAHs = polycyclic aromatic hydrocnrbons DDE = (1,1-dichloro-2,2-bis(p-chlorophenyl]ethylene).
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