
Decadal Scale Consistency Check –
Historical PCB Data Trend Analysis

Ferdi Hellweger, Laurie De Rosa
and Dominic Di Toro

HydroQual

March 21, 2003



NOAA Mussel Watch Data - Mollusks

Geometric means.

K = 5% /year

K = 2% /year

10

100

1000

1984 1986 1988 1990 1992 1994 1996 1998 2000

TP
C

B 
[p

pb
]

Nationwide
Delaware Bay



Methodology

UPPER BOUND
(BDL = DL)

TIME

LOWER BOUND
(BDL = 0)

UNKNOWN
DETECTION
LIMIT

EVERYTHING
DETECTED

NOTHING
DETECTED

GENERAL
SYMBOL

DETECTION
LIMIT

?

N SAMPLES
LIKE THIS

AROUND THEN

N
SPECIAL
CASE

Description

LO
G

 C
O

N
C

EN
TR

AT
IO

N



Estimated World Production of PCBs

Commercial
Production
Starts 1929

USEPA
Ban 1979

• Production ≠ Release.
• In 1985 more than 2/3 of PCBs were still “in use”.
• Sommerfield cores could help out greatly here.
• ANS (1991) also used 1970+ data.

Fairmont Core
Peak 1963-1970

Tateya et al. (1988)

Use data 1970+
for trend analysis



Philadelphia SW/SE & NE STP
 Historic Sludge Data
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lake trout data from Hickey (38) for Lakes Michigan and
Superior were added to older data from De Vault et al. (33),
declining trends and exponential curves similar to those
found for gas-phase ∑PCB were observed (see Figure 3). It
is interesting to note that in neither case are the concentra-
tions monotonically decreasing; compare Figures 2 and 3. It
remains to be determined why concentrations increase in
some years. In this historical context, the apparent increases
in ∑PCB shown in the IADN data from 1998 to 1999 are most
likely temporary, and in fact, the average ∑PCB concentration

in 2000 decreased from that in 1999.
In an effort to determine if the increase in ∑PCB

concentrations was a product of analytical error related to
summing all congeners, Figure 2 also shows the annual
average concentrations of the sum of the 10 most abundant
congeners in the IADN PCB data at each sampling site. It is

TABLE 1. Annual Average Atmospheric Concentrations for Lake
Superior and Lake Michigan ∑PCB and Lake Michigan HCHsa

Lake Superior ∑PCB

year
concn
(pg/m3)

standard
error n source

1978 1500 220 13 2
1979 900 140 8 15
1980 1000 350 8 15
1984 470 80 10 16
1985 210 52 4 16
1986 1300 210 5 17
1988 350 52 3 18
1990 190 33 7 18
1991 88 12 28 IADN
1992 89 14 23 IADN
1993 110 16 24 IADN
1994 92 27 20 IADN
1995 120 21 24 IADN
1996 58 6.9 26 IADN
1997 66 12 31 IADN
1998 60 8.7 24 IADN
1999 100 12 25 IADN
2000 100 22 29 IADN

Lake Michigan ∑PCB

year
concn
(pg/m3)

standard
error n source

1977 870 130 7 20
1984 470 80 10 16
1985 210 52 4 16
1988 160 35 9 21
1989 630 88 31 22, 23
1990 280 210 2 13
1991 750 160 12 13, 24
1992 170 21 22 IADN
1993 240 29 28 IADN
1994 120 14 24 IADN
1995 89 13 27 IADN
1996 85 14 28 IADN
1997 91 25 23 IADN
1998 190 34 22 IADN
1999 210 33 29 IADN
2000 80 12 30 IADN

Lake Michigan HCHs

year
r-HCH
(pg/m3)

standard
error

γ-HCH
(pg/m3)

standard
error n source

1989 210 19 11 25
1990 140 44 25 6.9 17 13, 25
1991 100 15 42 11 12 13, 24
1992 190 18 51 11 25 IADN
1993 130 11 50 13 29 IADN
1994 140 14 58 15 21 IADN
1995 85 4.6 40 10 27 IADN
1996 64 4.3 20 5.2 26 IADN
1997 64 5.4 29 5.8 28 IADN
1998 69 10 24 5.8 21 IADN
1999 48 4.5 40 11 30 IADN
2000 48 5.0 23 6.4 31 IADN

a Sources are given for historical data. All other data were taken
from IADN measurements.

FIGURE 2. Annual average temperature-corrected partial pressures
(P288) of gas-phase ∑PCB in femtoatmospheres (10-15 atm) as a
function of time for Lakes Michigan (A) and Superior (B). Averages
in red indicate IADN data. Averages in green indicate the sum of
the 10 most abundant PCB congeners in the IADN data at each site.
All other points are historical data (see Table 1). Error bars represent
the standard error for each annual average. Correlation coefficients
(r) and half-lives (t1/2) (with asymptotic errors) are given for each
exponential curve and are significant at the 95% confidence level
or greater.

TABLE 2. PCB Half-Lives in Other Environmental Compartments
for Lakes Superior and Michigan

compartment lake t1/2 source

Gull Eggs (Granite Island) Superior 9.9 34
Gull Eggs (Agawa Rock) Superior 7.7 34
F&Oa lake trout Superior 23 34
EPAb lake trout Superior 8.7 34
Michiganc lake trout Superior 9.9 34
Wisconsinc lake trout Superior 9.9 34
lake trout Superior 8.4 33d

F&Oa smelt Superior 8.7 34
air Superior 4.1 34
water Superior 2.8 34
settling particles Superior 2.7 34

fish Michigan 7.0 37
trout Michigan 6.3 36
lake trout Michigan 4.0 33d

water Michigan 4.0 35
a Sampling was done by the Canadian Fisheries and Oceans.

b Sampling was done by the U.S. Environmental Protection Agency.
c Sampling was done by the states of Michigan and Wisconsin. d Data
from ref 33 supplemented by data from Hickey (38). We did the nonlinear
curve fitting; see Figure 3.
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clear from these data that the congener concentrations closely
track the ∑PCB trends over time. This includes an increase
in the 10 congener sums, which tracks the increase in ∑PCB.
In addition, an investigation of the annual averages of the
individual congeners in this sum indicated that they followed
the same trend as the sum of 10 congeners. These relation-
ships indicate that ∑PCB is an accurate indicator of congener
trends and that the increase in IADN ∑PCB data during 1997-
1999 is real.

HCH Temporal Trends. IADN also measures the con-
centration of many organochlorine pesticides in the air near
the Great Lakes, including R- and γ-HCH. Both HCH isomers
were components of technical HCH, a broad spectrum
insecticide introduced in 1942. This technical mixture was
composed of 55-70% R-HCH and 10-18% γ-HCH, with other
HCH isomers rounding out the mixture. By 1978, around the
time that the production of PCBs had been banned in the
United States, all U.S. registrations of technical HCH had
also been canceled. This eliminated the use of R-HCH, but
γ-HCH (also called lindane) continued to be used. In fact,
it is still widely used, particularly in Canada.

IADN R- and γ-HCH gas-phase data along with some
historical data for Lake Michigan are presented here as a
comparison to the ∑PCB data described above. Since the
use of R-HCH was banned in the United States at about the
same time as PCBs, we expected to see similarities in the
temporal trends of the two compounds. However, since
γ-HCH has current sources, we expected to see a different
long-term trend than that of ∑PCB and R-HCH. Figure 4
shows plots of temperature-corrected partial pressures (P288)
of R- and γ-HCH as a function of time. The data represent
both IADN measurements and two or three years of historical
data. Unfortunately, only limited historical data for R- and

γ-HCH could be found and only for Lake Michigan. Thus,
Figure 4 is much more limited in its scope than Figure 2.
Exponential curves have been fitted to the IADN data only
(red lines) and to the IADN and historical data together (black
lines). Curves fitted to the IADN and historical data together
indicate a half-life of about 5.7 ( 1.3 yr for R-HCH and no
significant declining trend for γ-HCH. This half-life for R-HCH
is at least twice as long as the half-life of 2.7 yr found in a
previous study of IADN data through 1996 (12). The lack of
a statistically significant trend for γ-HCH would seem to be
an indication of its current use.

The IADN data, however, tell a different story. Curves
fitted to only IADN data indicate statistically significant
declining trends for both compounds with a half-life of 3.5
( 0.4 yr for R-HCH and 4.4 ( 0.7 yr for γ-HCH. It is also clear
that these trends provide a better fit to the data. The half-life
for R-HCH is similar to that found in a previous study, while
that for γ-HCH is twice as long as previously thought (12).
Looking at Figure 4, it is easy to see why the half-lives of
these pesticides have or have not changed with the addition
of more data. After 1996, R-HCH concentrations continued
to decline at a similar rate, giving us a half-life similar to
what Cortes et al. (12) found. Concentrations of γ-HCH,
however, have remained relatively steady since 1996. This
slowing in decline is most likely due to the current use of this
pesticide. Given that γ-HCH was a part of the technical HCH
mixture, we would expect concentrations to significantly
decrease as bans on this mixture were made worldwide.
Current uses of γ-HCH, however, could help to buffer its
recent concentrations in the atmosphere, resulting in the

FIGURE 3. ∑PCB concentrations (µg/g wet weight) in Lake Michigan
(A) and Lake Superior (B) lake trout. Error bars are for 95% confidence
intervals. For Lake Michigan, the curve represents the fit for 1974-
1998. Data through 1992 are from De Vault et al. (33), with the
remaining data from Hickey (38). Both fits are significant at the 95%
confidence level or better. Half-lives (t1/2) (with asymptotic standard
error) and correlation coefficients (r) are given for each curve.

FIGURE 4. Lake Michigan annual average r-HCH (A) and γ-HCH
(B) temperature-corrected partial pressures (P288) in femtoatmo-
spheres (10-15 atm) as a function of time. Data in red are from IADN
measurements. All other data are from historical measurements.
Black curves represent the fit to the IADN and historical data
together. Red curves represent the fit to the IADN data only.
Correlation coefficients (r) and half-lives (t1/2) (with asymptotic
standard error) corresponding to each curve are given in matching
colors. All fits are significant at the 99% confidence level or greater
except the γ-HCH fit to all data, which is not significant (NS). Error
bars represent the standard error of each annual average.
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Water - Schuylkill River
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Water - Rancocas Creek
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Water - Delaware River Zone 1
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Water - Delaware Estuary Zone 3
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Water - Delaware
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Philadelphia SW/SE & NE STP
 Historic Sludge Data
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Sediments - Schuylkill River
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Sediments - Brandywine Creek
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Sediments - Rancocas Creek
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Sediments - Delaware River Zone 1
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Sediments - Delaware Estuary Zone 2
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Sediments - Delaware Estuary Zone 3
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Sediments - Delaware Estuary Zone 4
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Sediments - Delaware Estuary Zone 5
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Sediments - Delaware Estuary Zone 6
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Sediments - Delaware Estuary Mainstem
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Sediments - Delaware Estuary Zones 2, 3 & 4
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Sediments - Delaware Estuary Zones 5 & 6
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White Perch Historical Data 
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White Perch Historical Data 
 Zone 4
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White Perch Historical Data 
 Zone 5
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White Perch Historical Data 
 Zone 6
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White Perch Historical Data 
 All Zones
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White Perch Historical Data 
 All Zones - Lipid Normalized
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Striped Bass Historical Data 
 All Zones
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Striped Bass Historical Data 
 All Zones - Lipid Normalized
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Channel/White Catfish  Historical Data 
 All Zones
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Channel/White Catfish  Historical Data 
 All Zones - Lipid Normalized
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American Eel  Historical Data 
 All Zones
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American Eel  Historical Data 
 All Zones - Lipid Normalized
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Weakfish  Historical Data 
 Delaware Bay
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Weakfish  Historical Data 
 Delaware Bay - Lipid Normalized
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Biota - Osprey Eggs - Delaware Estuary Zone 6
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