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small decrements in renal function (Payton et al., 1994; 
Kim et al., 1996; Muntner et al., 2003).  
 
Low-level environmental lead exposure has been 
associated with subclinical decrements in neurocognitive 
function in young children and elevated blood pressure in 
adults. Although in 1991 the Centers for Disease Control 
and Prevention (CDC) established 10 µg/dL as a blood 
lead concentration of concern in children, no threshold 
for lead’s effects has yet been identified (National 
Research Council, 1993). Recent studies have suggested 
possible neurodevelopmental effects at blood lead 
concentrations of less than 10 µg/dL (Lanphear et al., 
2000; Canfield et al., 2003); further assessment is 
ongoing. In adults, subtle, nonspecific neurocognitive 
effects may occur at BLLs as low as 20-60 µg/dL 
(Mantere et al., 1984; Schwartz et al., 2001), with overt 
encephalopathy, seizures, and peripheral neuropathy at 
higher levels (e.g., levels greater than 100 µg/dL). 
Results of studies of adults with occupational or 
environmental lead exposure have shown consistent 

associations between increased BLLs and increased 
blood pressure (Schwartz, 1995; Staessen et al., 1995; 
Nash et al., 2003) and associations between increased 
bone lead concentrations and blood pressure (Hu et al., 
1996; Korrick et al., 1999). 
 
The potential adverse effects of lead on reproduction are 
an area of ongoing research and may include increased 
spontaneous abortion in women (Borja-Aburto et al., 
1999) and problems with sperm formation in men 
(Alexander et al., 1996; Telisman et al., 2000). The 
International Agency for Research on Cancer (IARC) 
considers lead as a possible human carcinogen, and the 
National Toxicology Program (NTP) considers lead and 
its compounds as reasonably anticipated to be  human 
carcinogens (NTP, 2005), but further study is needed on 
the relation between lead exposure and cancer in people 
(Jemal et al., 2002).  
 

 

Table 18. Lead in urine (creatinine corrected) 
Geometric mean and selected percentiles of urine concentrations (in µg/g of creatinine) for the U.S. population aged 6
years and older, National Health and Nutrition Examination Survey, 1999-2002.

Survey Sample
years size

Total, age 6 and older 99-00 .721 (.700-.742) .700 (.677-.725) 1.11 (1.06-1.15) 1.70 (1.62-1.85) 2.37 (2.21-2.76) 2465

 01-02 .639 (.603-.677) .634 (.586-.676) 1.03 (.962-1.08) 1.52 (1.42-1.60) 2.03 (1.89-2.22) 2689

Age group             

6-11 years 99-00 1.17 (.975-1.41) 1.06 (.918-1.22) 1.55 (1.22-1.97) 2.71 (1.67-4.66) 4.66 (1.97-18.0) 340

 01-02 .918 (.841-1.00) .870 (.798-.933) 1.26 (1.12-1.43) 2.33 (1.59-3.64) 3.64 (1.83-5.56) 368

12-19 years 99-00 .496 (.460-.535) .469 (.408-.508) .702 (.655-.828) 1.10 (.981-1.28) 1.65 (1.15-2.78) 719

 01-02 .404 (.380-.428) .373 (.342-.400) .602 (.541-.702) .990 (.882-1.18) 1.41 (1.07-1.63) 762

20 years and older 99-00 .720 (.683-.758) .712 (.667-.739) 1.10 (1.02-1.18) 1.69 (1.53-1.87) 2.31 (2.11-2.62) 1406

 01-02 .658 (.617-.703) .649 (.608-.702) 1.04 (.992-1.11) 1.51 (1.40-1.61) 2.00 (1.85-2.19) 1559

Gender             

Males 99-00 .720 (.679-.763) .693 (.645-.734) 1.10 (.991-1.22) 1.68 (1.50-2.09) 2.43 (2.15-3.03) 1227

 01-02 .639 (.607-.673) .638 (.586-.684) 1.01 (.957-1.08) 1.55 (1.41-1.61) 2.06 (1.88-2.43) 1334

Females 99-00 .722 (.681-.765) .706 (.667-.746) 1.11 (1.05-1.16) 1.74 (1.50-2.02) 2.38 (2.03-2.88) 1238

 01-02 .639 (.594-.688) .625 (.571-.670) 1.03 (.938-1.11) 1.50 (1.39-1.61) 1.98 (1.85-2.15) 1355

Race/ethnicity             

Mexican Americans 99-00 .940 (.876-1.01) .882 (.796-1.02) 1.43 (1.36-1.56) 2.38 (2.08-2.77) 3.31 (2.78-4.18) 884

 01-02 .810 (.731-.898) .769 (.702-.893) 1.28 (1.09-1.44) 2.05 (1.75-2.50) 2.78 (2.55-3.33) 682

Non-Hispanic blacks 99-00 .722 (.659-.790) .667 (.583-.753) 1.11 (.988-1.20) 1.98 (1.56-2.51) 2.83 (2.20-3.88) 568

 01-02 .644 (.559-.742) .606 (.510-.710) .962 (.853-1.19) 1.79 (1.36-2.33) 2.75 (2.04-3.98) 667

Non-Hispanic whites 99-00 .696 (.668-.725) .677 (.645-.718) 1.07 (.997-1.14) 1.66 (1.50-1.83) 2.31 (1.94-2.82) 822

 01-02 .615 (.579-.654) .621 (.571-.667) 1.00 (.930-1.06) 1.46 (1.37-1.52) 1.88 (1.61-2.00) 1132

Geometric Selected percentiles
(95% confidence interval)

95th90th75th50th

 

 

(95% conf. interval)

mean
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Molybdenum is generally considered to be of low 
toxicity to people, and clinical or epidemiological 
evidence of adverse effects is limited. Chronic exposure 
to high levels may possibly result in higher serum uric 
acid levels and gout-like illness (Koval’skiy et al., 1961; 
U.S. EPA, 1993). Based on studies finding adverse 
reproductive effects in rats and mice, the Panel on 
Micronutrients of the Institute of Medicine identified a 
no observed adverse effect level (NOAEL) of 0.9 
mg/kg/day and established a tolerable upper intake level 
of 0.03 mg/kg/day in humans (Institute of Medicine, 
2001). A long term inhalation bioassay of molybdenum 
trioxide in mice yielded “some evidence” of 
carcinogenicity (NTP, 1997). A recent case-control study 
suggested a possible link between occupational exposure 
to molybdenum and lung cancer (Droste et al., 1999) but 
the available epidemiological data are scant and 
molybdenum has not been systematically evaluated for 
carcinogenicity by U.S. EPA or IARC.  
 

Interpreting Levels of Urinary Molybdenum Reported 
in the Tables 
 
Urinary molybdenum levels were measured in a 
subsample of NHANES participants aged 6 years and 
older. Subsamples were randomly selected within the 
specified age range to be a representative sample of the 
U.S. population. Because molybdenum is an essential 
element for good health, intake and loss in the urine is 
expected. The levels documented for adults in the 
NHANES 2001-2002 subsample are broadly comparable 
to levels reported for adults in recent smaller European 
population surveys (Minoia et al., 2002; White and 
Sabbioni, 1998; Iversen et al., 1998). Among infants, 
urinary molybdenum concentrations may be slightly 
lower than other age groups (Sievers et al., 2001). 
 

Geometric mean and selected percentiles of urine concentrations (in µg/g of creatinine) for the U.S. population aged 6
years and older, National Health and Nutrition Examination Survey, 1999-2002.

Survey Sample
years size

Total, age 6 and older 99-00 43.2 (40.0-46.6) 41.5 (38.5-45.2) 63.5 (59.3-68.8) 108 (97.3-115) 144 (125-171) 2257

 01-02 42.5 (39.9-45.2) 42.2 (40.1-45.2) 62.0 (58.4-66.4) 98.8 (90.1-109) 130 (120-149) 2689

Age group             

6-11 years 99-00 85.9 (73.7-100) 78.9 (71.6-88.4) 122 (107-133) 173 (130-243) 213 (154-1040) 310

 01-02 77.2 (73.1-81.5) 77.5 (71.8-84.5) 109 (99.4-120) 154 (129-170) 185 (165-219) 368

12-19 years 99-00 41.9 (39.3-44.6) 40.5 (37.7-44.4) 57.3 (51.5-62.5) 85.0 (67.4-107) 109 (78.4-185) 648

 01-02 43.4 (40.8-46.1) 44.1 (40.8-47.2) 60.6 (57.6-63.7) 85.5 (79.7-93.8) 106 (94.8-118) 762

20 years and older 99-00 39.6 (36.9-42.6) 38.5 (36.1-41.0) 56.4 (53.5-60.7) 92.5 (83.1-100) 120 (116-147) 1299

 01-02 39.3 (36.8-42.0) 39.6 (36.4-42.1) 57.2 (52.9-61.0) 86.7 (75.2-96.8) 122 (109-139) 1559

Gender             

Males 99-00 40.8 (37.5-44.3) 38.5 (37.2-40.4) 62.4 (55.9-68.4) 101 (83.9-118) 131 (112-179) 1121

 01-02 40.3 (37.1-43.8) 40.2 (36.3-43.3) 60.4 (54.8-66.3) 91.3 (83.4-106) 123 (107-155) 1334

Females 99-00 45.5 (41.5-50.0) 43.7 (39.5-48.8) 64.4 (59.5-70.5) 111 (95.2-121) 149 (122-181) 1136

 01-02 44.6 (42.2-47.1) 45.1 (42.2-46.9) 63.6 (59.5-69.4) 107 (92.5-119) 136 (117-169) 1355

Race/ethnicity             

Mexican Americans 99-00 42.9 (40.6-45.4) 43.2 (40.9-45.6) 61.6 (57.2-65.5) 89.0 (80.0-103) 115 (93.7-137) 780

 01-02 48.1 (44.3-52.2) 48.4 (44.8-52.3) 71.5 (66.4-76.0) 103 (90.0-120) 129 (109-155) 682

Non-Hispanic blacks 99-00 37.2 (33.4-41.6) 37.0 (33.0-41.2) 55.9 (49.6-63.3) 88.2 (69.1-112) 117 (88.3-141) 546

 01-02 36.5 (34.1-39.0) 37.5 (35.1-38.9) 57.1 (49.7-62.4) 78.3 (71.5-92.0) 109 (81.1-127) 667

Non-Hispanic whites 99-00 44.5 (40.2-49.2) 42.1 (38.8-47.3) 65.3 (58.9-71.3) 116 (101-126) 172 (131-195) 760

 01-02 42.5 (39.3-46.0) 41.9 (39.3-45.6) 61.2 (57.1-67.2) 104 (88.7-120) 138 (120-163) 1132

Geometric Selected percentiles
(95% confidence interval)

95th90th75th50th

 

 

(95% conf. interval)

mean

 

Table 23. Moylbdenum (creatinine corrected) 
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24 hours after exposure. Following exposure to soluble 
uranium salts, the initial half-life of uranium is 
considered to be about 15 days (Bhattacharyya et al., 
1992), representing distribution and excretion, with a 
much slower elimination from bone. After inhalation 
exposure of insoluble uranium, the half-life for 
disappearance from the lung is several years (Durakovic 
et al., 2003). 
 
Health effects from uranium exposure occur from 
chemical toxicity. Radiation risks from exposure to 
natural uranium are very low. Nephrotoxicity, the 
primary toxic effect attributed to chronic uranium 
exposure in people, manifests as tubular damage and 
appears reversible with decreasing exposure. Workplace 
air standards for external exposure to soluble and 
insoluble uranium compounds have been established by 
OSHA and ACGIH. Although older evaluations 
suggested the carcinogenicity of uranium among 
smokers, the U.S. EPA has withdrawn its classification 
for carcinogenicity; IARC and NTP have no ratings. 

Information about external exposure (i.e., environmental 
levels) and health effects is available from the U.S. 
EPA’s IRIS Web site at http://www.epa.gov/iris and 
from ATSDR’s Toxicological Profiles at http://www. 
atsdr.cdc.gov/toxprofiles. 
 
Interpreting Levels of Urinary Uranium Reported in 
the Tables 
 
Urine uranium levels were measured in a subsample of 
NHANES participants aged 6 years old and older. 
Participants were selected within the specified age range 
to be a representative sample of the U.S. population. The 
analytical method measures only levels of the 238U 
isotope and not levels of the 235U isotope (235U is higher 
in enriched uranium used as nuclear fuel). More than 
99% of naturally occurring uranium is 238U. 
 
A previous nonrandom subsample from NHANES III  
(n = 499) showed concentrations that are essentially 
similar to those in this Report (Ting et al., 1999). Dang et 

 

Table 31. Uranium (creatinine corrected) 
Geometric mean and selected percentiles of urine concentrations (in µg/g of creatinine) for the U.S. population aged 6
years and older, National Health and Nutrition Examination Survey, 1999-2002.

Survey Sample
years size

Total, age 6 and older 99-00 .007 (.006-.009) .007 (.006-.009) .013 (.010-.016) .024 (.019-.030) .034 (.027-.053) 2464

 01-02 .008 (.007-.010) .007 (.006-.009) .014 (.011-.018) .026 (.020-.033) .040 (.028-.054) 2689

Age group             

6-11 years 99-00 .009 (.007-.012) .008 (.006-.010) .015 (.010-.024) .030 (.016-.044) .037 (.030-.077) 340

 01-02 .010 (.008-.011) .010 (.008-.012) .015 (.013-.019) .027 (.018-.032) .033 (.027-.048) 368

12-19 years 99-00 .007 (.006-.008) .006 (.005-.008) .010 (.009-.014) .020 (.014-.030) .030 (.019-.074) 719

 01-02 .007 (.006-.008) .007 (.006-.008) .012 (.009-.016) .020 (.014-.026) .026 (.020-.042) 762

20 years and older 99-00 .007 (.006-.009) .007 (.005-.008) .013 (.010-.016) .024 (.019-.029) .034 (.025-.051) 1405

 01-02 .008 (.007-.010) .007 (.006-.009) .014 (.011-.019) .027 (.020-.039) .043 (.030-.063) 1559

Gender             

Males 99-00 .007 (.006-.009) .006 (.005-.008) .011 (.009-.015) .021 (.017-.028) .035 (.024-.056) 1227

 01-02 .007 (.006-.008) .007 (.006-.008) .012 (.010-.015) .022 (.018-.028) .033 (.025-.047) 1334

Females 99-00 .008 (.007-.010) .007 (.006-.009) .013 (.010-.017) .024 (.019-.033) .034 (.027-.054) 1237

 01-02 .009 (.008-.011) .009 (.007-.011) .016 (.012-.021) .029 (.021-.042) .045 (.031-.067) 1355

Race/ethnicity             

Mexican Americans 99-00 .015 (.011-.022) .015 (.011-.020) .028 (.016-.058) .059 (.027-.146) .100 (.042-.270) 883

 01-02 .012 (.010-.016) .012 (.009-.016) .021 (.015-.028) .033 (.024-.053) .049 (.033-.077) 682

Non-Hispanic blacks 99-00 .006 (.004-.007) .005 (.004-.006) .008 (.006-.013) .017 (.011-.028) .028 (.018-.048) 568

 01-02 .005 (.005-.006) .005 (.005-.006) .008 (.007-.010) .013 (.011-.014) .017 (.014-.029) 667

Non-Hispanic whites 99-00 .007 (.006-.009) .007 (.006-.009) .012 (.010-.015) .021 (.017-.027) .030 (.024-.050) 822

 01-02 .008 (.007-.009) .007 (.006-.009) .013 (.011-.016) .025 (.018-.032) .034 (.025-.051) 1132

Geometric Selected percentiles
(95% confidence interval)

95th90th75th50th

 

 

(95% conf. interval)

mean
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Table 45. 1-Hydroxychrysene (creatinine corrected) 

Survey Sample
years size

Total, age 6 and older 01-02 *  < LOD  17.1 (11.3-25.0) 50.0 (41.2-59.7) 89.2 (71.4-104) 2748     
Age group             

6-11 years 01-02 *  < LOD  < LOD  42.6 (22.2-54.7) 58.1 (47.0-74.2) 387     
12-19 years 01-02 *  < LOD  13.3 (7.61-18.6) 35.0 (28.3-41.0) 49.3 (37.4-65.7) 735     
20 years and older 01-02 *  < LOD  18.1 (11.7-28.5) 55.9 (42.8-70.2) 103 (78.9-120) 1626     
Gender             

Males 01-02 *  < LOD  19.4 (11.7-28.8) 50.0 (41.1-57.7) 86.4 (59.7-109) 1349     
Females 01-02 *  < LOD  15.9 (10.6-23.3) 50.0 (38.9-66.0) 91.5 (69.2-126) 1399     
Race/ethnicity             

Mexican Americans 01-02 *  < LOD  < LOD  58.2 (36.3-92.5) 108 (61.8-147) 665     
Non-Hispanic blacks 01-02 *  < LOD  18.3 (6.48-33.9) 56.6 (37.9-83.0) 106 (62.4-154) 692     
Non-Hispanic whites 01-02 *  < LOD  16.5 (10.9-24.7) 47.3 (38.4-59.4) 91.5 (68.6-107) 1208

Geometric mean and selected percentiles of urine concentrations (in ng/g of creatinine) for the U.S. population aged 6
years and older, National Health and Nutrition Examination Survey, 2001-2002.

Geometric Selected percentiles

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th
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Table 48. 3-Hydroxychrysene 

Survey Sample
years size

Total, age 6 and older 99-00 *  < LOD  < LOD  < LOD  < LOD  2233

 01-02 *  < LOD  < LOD  27.0 (24.0-31.0) 42.0 (36.0-46.0) 2748

Age group             

6-11 years 99-00 *  < LOD  < LOD  < LOD  11.0 (<LOD-44.8) 300

 01-02 *  < LOD  < LOD  21.0 (15.0-38.0) 42.0 (22.0-62.0) 387

12-19 years 99-00 *  < LOD  < LOD  < LOD  11.3 (<LOD-17.2) 674

 01-02 *  < LOD  < LOD  23.0 (18.0-30.0) 37.0 (27.0-39.0) 735

20 years and older 99-00 *  < LOD  < LOD  < LOD  < LOD  1259

 01-02 *  < LOD  < LOD  29.0 (25.0-31.0) 43.0 (37.0-47.0) 1626

Gender             

Males 99-00 *  < LOD  < LOD  < LOD  10.1 (<LOD-17.7) 1067

 01-02 *  < LOD  < LOD  30.0 (25.0-37.0) 45.0 (37.0-54.0) 1349

Females 99-00 *  < LOD  < LOD  < LOD  < LOD  1166

 01-02 *  < LOD  < LOD  25.0 (20.0-30.0) 35.0 (30.0-44.0) 1399

Race/ethnicity             

Mexican Americans 99-00 *  < LOD  < LOD  < LOD  10.8 (<LOD-14.5) 722

 01-02 *  < LOD  < LOD  24.0 (18.0-28.0) 30.0 (27.0-38.0) 665

Non-Hispanic blacks 99-00 *  < LOD  < LOD  < LOD  < LOD  515

 01-02 *  < LOD  < LOD  25.0 (16.0-35.0) 43.0 (28.0-63.0) 692

Non-Hispanic whites 99-00 *  < LOD  < LOD  < LOD  < LOD  807

 01-02 *  < LOD  9.00 (<LOD-15.0) 30.0 (25.0-34.0) 44.0 (36.0-49.0) 1208

Geometric mean and selected percentiles of urine concentrations (in ng/L) for the U.S. population aged 6 years and older,
National Health and Nutrition Examination Survey, 1999-2002.

Geometric Selected percentiles

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th

95
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Table 66. 3-Hydroxyphenanthrene 

Survey Sample
years size

Total, age 6 and older 99-00 127 (106-152) 138 (113-165) 256 (225-297) 464 (399-547) 657 (594-721) 2299

 01-02 105 (92.5-118) 105 (90.0-118) 200 (178-225) 400 (336-480) 649 (542-747) 2741

Age group             

6-11 years 99-00 136 (102-181) 140 (102-197) 247 (185-334) 383 (280-632) 622 (336-794) 302

 01-02 105 (91.1-122) 108 (81.0-136) 193 (160-231) 298 (245-346) 412 (319-545) 387

12-19 years 99-00 147 (126-173) 163 (137-196) 281 (240-322) 417 (363-536) 611 (457-725) 700

 01-02 104 (87.3-125) 106 (90.0-122) 201 (165-231) 329 (255-444) 447 (331-631) 733

20 years and older 99-00 122 (102-146) 133 (108-155) 254 (223-295) 477 (410-554) 671 (594-760) 1297

 01-02 105 (91.7-119) 105 (89.0-118) 200 (178-228) 433 (366-515) 683 (597-806) 1621

Gender             

Males 99-00 141 (114-174) 149 (119-185) 287 (225-357) 495 (409-626) 658 (552-802) 1100

 01-02 122 (107-138) 117 (105-131) 224 (187-277) 474 (372-597) 734 (597-1010) 1344

Females 99-00 114 (96.2-135) 130 (102-152) 242 (215-270) 399 (346-506) 624 (554-718) 1199

 01-02 90.8 (77.7-106) 92.0 (80.0-106) 184 (155-207) 328 (287-386) 518 (429-649) 1397

Race/ethnicity             

Mexican Americans 99-00 113 (103-123) 120 (99.7-139) 231 (193-244) 353 (296-438) 495 (369-635) 763

 01-02 83.5 (64.1-109) 83.0 (63.0-111) 144 (116-193) 259 (189-421) 454 (253-1140) 664

Non-Hispanic blacks 99-00 174 (124-245) 182 (116-292) 390 (289-470) 671 (477-1060) 1110 (775-2750) 522

 01-02 145 (122-172) 135 (120-163) 281 (228-346) 507 (407-684) 957 (609-1410) 690

Non-Hispanic whites 99-00 120 (95.3-151) 135 (107-167) 248 (217-292) 448 (356-554) 632 (515-721) 821

 01-02 104 (90.8-120) 105 (91.0-119) 199 (177-224) 401 (331-495) 649 (518-747) 1204

 

 

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th

Geometric mean and selected percentiles of urine concentrations (in ng/L) for the U.S. population aged 6 years and older,
National Health and Nutrition Examination Survey, 1999-2002.

Geometric Selected percentiles
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Polychlorinated Dibenzo-p-dioxins, Polychlorinated Dibenzofurans, and 
Coplanar and Mono-ortho-substituted Polychlorinated Biphenyls 

 
1,2,3,4,7,8-Hexachlorodibenzo-p-
dioxin (HxCDD) 
 
 
 

 

Table 85. 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) (lipid adjusted) 

Survey Sample
years size

Total, age 20 and older 01-02 *  < LOD  < LOD  10.7 (<LOD-13.8) 14.9 (11.7-20.0) 1239

Age group             

12-19 years 01-02 †  †  †  †  †  †

20 years and older 01-02 *  < LOD  < LOD  10.7 (<LOD-13.8) 14.9 (11.7-20.0) 1239

Gender             

(20 years and older)             

Males 01-02 *  < LOD  < LOD  10.9 (<LOD-14.3) 14.7 (11.4-16.5) 566

Females 01-02 *  < LOD  < LOD  10.6 (<LOD-14.1) 14.9 (11.1-23.0) 673

Race/ethnicity             

(20 years and older)             

Mexican Americans 01-02 *  < LOD  < LOD  < LOD  9.20 (<LOD-11.7) 263

Non-Hispanic blacks 01-02 *  < LOD  < LOD  13.9 (<LOD-17.6) 18.3 (13.9-23.0) 220

Non-Hispanic whites 01-02 *  < LOD  < LOD  11.2 (<LOD-14.4) 15.1 (12.0-20.5) 672

90th

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

75th50th

† Data not collected for this age group for these years.

Geometric mean and selected percentiles of serum concentrations (in pg/g of lipid or parts per trillion on a lipid-weight basis)
for the U.S. population aged 20 years and older, National Health and Nutrition Examination Survey, 2001-2002.

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.

(95% conf. interval)

mean
Geometric Selected percentiles

(95% confidence interval)

95th
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Polychlorinated Dibenzo-p-dioxins, Polychlorinated Dibenzofurans, and 
Coplanar and Mono-ortho-substituted Polychlorinated Biphenyls 

 
 
1,2,3,7,8-Pentachlorodibenzofuran 
(PeCDF)  
 
 
 

 

Table 107. 1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) (lipid adjusted) 

Survey Sample
years size

Total, age 20 and older 99-00 *  < LOD  < LOD  < LOD  < LOD  1259

 01-02 *  < LOD  < LOD  < LOD  < LOD  1235

Age group             

12-19 years 99-00 *  < LOD  < LOD  < LOD  < LOD  663

 01-02 †  †  †  †  †  †

20 years and older 99-00 *  < LOD  < LOD  < LOD  < LOD  1259

 01-02 *  < LOD  < LOD  < LOD  < LOD  1235

Gender             
(20 years and older)             

Males 99-00 *  < LOD  < LOD  < LOD  < LOD  578

 01-02 *  < LOD  < LOD  < LOD  < LOD  565

Females 99-00 *  < LOD  < LOD  < LOD  < LOD  681

 01-02 *  < LOD  < LOD  < LOD  < LOD  670

Race/ethnicity             
(20 years and older)             

Mexican Americans 99-00 *  < LOD  < LOD  < LOD  < LOD  339

 01-02 *  < LOD  < LOD  < LOD  < LOD  263

Non-Hispanic blacks 99-00 *  < LOD  < LOD  < LOD  < LOD  226

 01-02 *  < LOD  < LOD  < LOD  < LOD  217

Non-Hispanic whites 99-00 *  < LOD  < LOD  < LOD  < LOD  576

 01-02 *  < LOD  < LOD  < LOD  < LOD  670

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

Geometric mean and selected percentiles of serum concentrations (in pg/g of lipid or parts per trillion on a lipid-weight basis)
for the U.S. population, National Health and Nutrition Examination Survey (1999-2000, aged 12 years and older; 2001-2002,
aged 20 years and older).

mean

† Data not collected for this age group for these years.

Geometric Selected percentiles
(95% confidence interval)

95th90th75th50th

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.

(95% conf. interval)
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Polychlorinated Dibenzo-p-dioxins, Polychlorinated Dibenzofurans, and  
Coplanar and Mono-ortho-substituted Polychlorinated Biphenyls 

 
 
 

 

Table 130. 2,3,3',4,4',5-Hexachlorobiphenyl (PCB 156) (whole weight) 

Survey Sample
years size

Total, age 12 and older 99-00 *  < LOD  < LOD  .085 (.075-.092) .109 (.098-.129) 1907

 01-02 *  < LOD  < LOD  .094 (.082-.107) .126 (.110-.140) 2296

Age group             

12-19 years 99-00 *  < LOD  < LOD  < LOD  < LOD  665

 01-02 *  < LOD  < LOD  < LOD  < LOD  756

20 years and older 99-00 *  < LOD  < LOD  .090 (.081-.099) .116 (.104-.139) 1242

 01-02 *  < LOD  < LOD  .104 (.089-.114) .132 (.118-.144) 1540

Gender             

Males 99-00 *  < LOD  < LOD  .085 (.072-.098) .109 (.094-.130) 912

 01-02 *  < LOD  < LOD  .092 (.078-.113) .123 (.105-.151) 1069

Females 99-00 *  < LOD  < LOD  .085 (.075-.093) .108 (.092-.141) 995

 01-02 *  < LOD  < LOD  .096 (.086-.104) .134 (.111-.140) 1227

Race/ethnicity             

Mexican Americans 99-00 *  < LOD  < LOD  < LOD  < LOD  631

 01-02 *  < LOD  < LOD  < LOD  < LOD  566

Non-Hispanic blacks 99-00 *  < LOD  < LOD  .094 (.071-.124) .151 (.113-.188) 412

 01-02 *  < LOD  < LOD  .096 (.079-.131) .144 (.104-.179) 511

Non-Hispanic whites 99-00 *  < LOD  < LOD  .089 (.081-.098) .111 (.101-.129) 711

 01-02 *  < LOD  < LOD  .104 (.089-.115) .131 (.117-.140) 1056

Geometric mean and selected percentiles of serum concentrations (in ng/g of serum or parts per billion) for the U.S. population
aged 12 years and older, National Health and Nutrition Examination Survey, 1999-2002.

Geometric Selected percentiles

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th
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Non-dioxin-like Polychlorinated Biphenyls 

 
 
2,2',4,4',5-Pentachlorobiphenyl (PCB 99)  
 
 
 

 

Table 144. 2,2',4,4',5-Pentachlorobiphenyl (PCB 99) (lipid adjusted) 

Survey Sample
years size

Total, age 12 and older 99-00 *  < LOD  < LOD  13.1 (<LOD-14.6) 19.1 (16.2-20.6) 1897

 01-02 *  < LOD  < LOD  17.6 (15.3-20.8) 26.3 (22.1-30.5) 2281

Age group             

12-19 years 99-00 *  < LOD  < LOD  < LOD  < LOD  654

 01-02 *  < LOD  < LOD  < LOD  < LOD  758

20 years and older 99-00 *  < LOD  < LOD  13.9 (<LOD-16.0) 19.9 (17.0-21.1) 1243

 01-02 *  < LOD  10.8 (<LOD-12.3) 19.4 (16.6-22.3) 28.8 (23.2-32.1) 1523

Gender             

Males 99-00 *  < LOD  < LOD  < LOD  16.7 (13.8-20.5) 905

 01-02 *  < LOD  < LOD  16.7 (13.8-21.0) 24.9 (19.8-30.1) 1061

Females 99-00 *  < LOD  < LOD  13.9 (<LOD-16.2) 20.0 (17.3-23.5) 992

 01-02 *  < LOD  < LOD  18.0 (15.8-22.2) 28.5 (22.5-33.2) 1220

Race/ethnicity             

Mexican Americans 99-00 *  < LOD  < LOD  < LOD  < LOD  624

 01-02 *  < LOD  < LOD  < LOD  13.4 (10.7-17.4) 562

Non-Hispanic blacks 99-00 *  < LOD  < LOD  20.3 (17.0-31.1) 31.5 (22.9-57.4) 400

 01-02 *  < LOD  11.6 (10.6-13.1) 22.4 (18.8-25.8) 28.8 (23.0-37.2) 510

Non-Hispanic whites 99-00 *  < LOD  < LOD  12.5 (<LOD-14.5) 18.1 (14.3-20.8) 715

 01-02 *  < LOD  < LOD  18.5 (15.3-22.3) 28.5 (22.1-32.4) 1046

Geometric mean and selected percentiles of serum concentrations (in ng/g of lipid or parts per billion on a lipid-weight basis)
for the U.S. population aged 12 years and older, National Health and Nutrition Examination Survey, 1999-2002.

Geometric Selected percentiles

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th
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Non-dioxin-like Polychlorinated Biphenyls 
 

 
 
 

Table 176. 2,2',3,4',5,5',6-Heptachlorobiphenyl (PCB 187) (whole weight) 

Survey Sample
years size

Total, age 12 and older 99-00 *  < LOD  < LOD  .120 (.108-.134) .166 (.143-.181) 1930

 01-02 *  < LOD  .080 (.072-.090) .140 (.128-.159) .198 (.177-.218) 2307

Age group             

12-19 years 99-00 *  < LOD  < LOD  < LOD  < LOD  667

 01-02 *  < LOD  < LOD  < LOD  < LOD  758

20 years and older 99-00 *  < LOD  < LOD  .128 (.112-.141) .176 (.155-.191) 1263

 01-02 *  < LOD  .090 (.077-.100) .149 (.132-.174) .210 (.186-.231) 1549

Gender             

Males 99-00 *  < LOD  < LOD  .123 (.099-.139) .178 (.141-.198) 917

 01-02 *  < LOD  .082 (.072-.098) .144 (.130-.163) .187 (.165-.230) 1075

Females 99-00 *  < LOD  < LOD  .116 (.106-.130) .162 (.136-.179) 1013

 01-02 *  < LOD  .076 (.067-.086) .134 (.119-.150) .202 (.178-.217) 1232

Race/ethnicity             

Mexican Americans 99-00 *  < LOD  < LOD  < LOD  .118 (.100-.134) 636

 01-02 *  < LOD  < LOD  .078 (.058-.098) .104 (.091-.121) 567

Non-Hispanic blacks 99-00 *  < LOD  .090 (.070-.132) .203 (.164-.226) .290 (.207-.531) 412

 01-02 *  < LOD  .102 (.074-.119) .192 (.149-.258) .286 (.187-.382) 515

Non-Hispanic whites 99-00 *  < LOD  < LOD  .112 (.099-.127) .147 (.134-.168) 727

 01-02 *  < LOD  .081 (.072-.092) .136 (.123-.157) .191 (.167-.217) 1061

Geometric mean and selected percentiles of serum concentrations (in ng/g of serum or parts per billion) for the U.S. population
aged 12 years and older, National Health and Nutrition Examination Survey, 1999-2002.

Geometric Selected percentiles

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th
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Phytoestrogens 
 

 
 
 

 

Table 214. Daidzein (creatinine corrected) 

Survey Sample
years size

Total, age 6 and older 99-00 68.5 (55.9-83.9) 65.1 (52.8-80.8) 204 (156-249) 555 (471-629) 944 (836-1150) 2553

 01-02 48.6 (43.7-54.0) 48.5 (43.3-56.6) 166 (140-196) 497 (395-614) 957 (801-1180) 2784

Age group             

6-11 years 99-00 92.6 (76.3-112) 92.9 (71.2-114) 251 (157-324) 529 (363-838) 1030 (781-2150) 330

 01-02 96.6 (79.2-118) 86.3 (60.8-127) 275 (159-395) 649 (452-733) 930 (679-1140) 395

12-19 years 99-00 83.1 (58.4-118) 83.9 (53.8-126) 207 (138-386) 628 (295-1060) 1000 (628-2380) 753

 01-02 53.4 (40.8-70.0) 50.9 (38.3-77.6) 181 (142-248) 549 (385-718) 1030 (622-1360) 744

20 years and older 99-00 63.8 (51.5-79.1) 59.3 (48.7-75.0) 194 (151-234) 554 (471-624) 908 (783-1180) 1470

 01-02 43.9 (39.4-48.9) 43.8 (37.4-53.3) 153 (127-188) 441 (348-599) 939 (788-1220) 1645

Gender             

Males 99-00 69.7 (54.7-88.8) 70.2 (51.3-84.3) 197 (147-276) 620 (494-836) 1050 (884-1290) 1220

 01-02 40.5 (34.8-47.1) 41.7 (34.5-47.9) 140 (108-179) 348 (260-553) 788 (585-946) 1371

Females 99-00 67.4 (54.8-82.9) 61.4 (51.1-80.9) 207 (152-250) 495 (356-624) 838 (610-1410) 1333

 01-02 57.7 (50.8-65.5) 60.1 (48.6-73.4) 191 (159-228) 616 (536-722) 1180 (924-1430) 1413

Race/ethnicity             

Mexican Americans 99-00 72.5 (59.1-88.9) 64.2 (47.1-91.1) 243 (176-310) 674 (468-1080) 1360 (753-2690) 816

 01-02 36.8 (27.7-48.9) 36.9 (24.8-56.9) 148 (101-225) 441 (307-585) 722 (578-1160) 676

Non-Hispanic blacks 99-00 59.1 (46.5-75.1) 66.9 (52.1-87.1) 171 (134-207) 377 (316-533) 797 (562-1010) 607

 01-02 46.4 (33.7-63.8) 51.0 (35.5-70.8) 167 (105-249) 499 (263-794) 939 (542-1530) 705

Non-Hispanic whites 99-00 72.8 (60.3-88.0) 67.5 (55.3-81.5) 207 (160-249) 560 (442-659) 908 (742-1350) 917

 01-02 48.1 (43.4-53.4) 47.5 (42.4-56.1) 163 (138-191) 463 (375-627) 957 (805-1220) 1217

Geometric mean and selected percentiles of urine concentrations (in µg/g of creatinine) for the U.S. population aged 6
years and older, National Health and Nutrition Examination Survey, 1999-2002.

Geometric Selected percentiles

 

 

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th
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Phytoestrogens 

 
 
 

 

Table 216. Enterodiol (creatinine corrected) 

Survey Sample
years size

Total, age 6 and older 99-00 24.2 (20.3-28.9) 29.9 (25.0-34.7) 70.5 (59.6-82.1) 146 (124-177) 240 (199-320) 2527

 01-02 33.4 (30.6-36.6) 37.5 (33.0-42.0) 78.3 (71.8-87.0) 147 (135-163) 224 (193-246) 2784

Age group             

6-11 years 99-00 27.0 (18.6-39.3) 33.7 (21.8-43.7) 62.7 (43.0-108) 150 (81.6-290) 290 (150-411) 327

 01-02 38.1 (32.5-44.7) 39.3 (30.8-53.0) 78.3 (66.6-101) 188 (147-244) 304 (242-389) 395

12-19 years 99-00 20.1 (16.7-24.2) 24.1 (19.6-30.1) 55.0 (42.6-71.7) 99.5 (91.5-116) 158 (121-177) 744

 01-02 27.2 (23.3-31.8) 28.6 (24.9-34.9) 62.7 (54.9-71.0) 104 (84.2-139) 152 (111-225) 744

20 years and older 99-00 24.7 (20.6-29.5) 30.6 (26.0-34.8) 72.7 (62.5-84.5) 155 (129-184) 240 (199-344) 1456

 01-02 34.0 (30.2-38.3) 39.4 (32.5-44.8) 83.3 (74.0-92.5) 150 (136-166) 223 (188-250) 1645

Gender             

Males 99-00 19.8 (15.4-25.4) 25.4 (20.0-31.4) 55.1 (46.4-64.2) 121 (94.6-168) 197 (145-282) 1206

 01-02 28.7 (26.0-31.7) 31.4 (27.0-36.7) 71.2 (64.2-78.0) 138 (117-160) 212 (179-259) 1371

Females 99-00 29.3 (25.0-34.4) 34.9 (29.5-41.6) 85.2 (74.5-92.3) 164 (141-201) 321 (226-370) 1321

 01-02 38.6 (34.6-43.1) 43.5 (39.3-48.7) 88.3 (74.7-102) 157 (137-172) 225 (179-298) 1413

Race/ethnicity             

Mexican Americans 99-00 19.6 (17.3-22.2) 23.5 (19.7-28.7) 59.6 (49.8-77.7) 134 (114-154) 193 (154-227) 791

 01-02 28.7 (24.5-33.6) 31.0 (27.0-36.8) 64.1 (55.0-77.5) 130 (94.4-182) 223 (143-331) 676

Non-Hispanic blacks 99-00 16.6 (13.9-19.7) 18.8 (14.4-22.9) 47.3 (37.7-55.8) 113 (85.9-145) 165 (131-272) 608

 01-02 24.5 (19.7-30.6) 26.8 (22.6-33.3) 57.5 (48.1-73.2) 117 (92.2-141) 157 (118-246) 705

Non-Hispanic whites 99-00 28.6 (24.3-33.6) 33.8 (28.9-39.3) 75.8 (65.3-87.2) 162 (130-197) 252 (203-363) 915

 01-02 35.1 (31.5-39.2) 40.8 (33.7-46.5) 82.7 (74.3-90.3) 151 (136-169) 224 (187-275) 1217

 

 

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th

Geometric mean and selected percentiles of urine concentrations (in µg/g of creatinine) for the U.S. population aged 6
years and older, National Health and Nutrition Examination Survey, 1999-2002.

Geometric Selected percentiles
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Organochlorine Pesticides 

Organochlorine Pesticides

General Information 
 
Organochlorine pesticides, including DDT, are effective 
against a variety of insects. Some organochlorines, 
including hexachlorobenzene and pentachlorophenol, 
have been used primarily as fungicides and 
antimicrobials. These chemicals were introduced in the 
1940s, and many of their uses have been restricted by the 
U.S. EPA because of their persistence in the 
environment. Although many of these chemicals are no 
longer widely used in the United States, other countries 
continue to use them. 
 
Organochlorine pesticides can enter the environment 
from direct application and runoff, disposal of 
contaminated wastes into landfills, emissions from waste 
incinerators, and releases from manufacturing plants that 
produce these chemicals. Some organochlorine pesticides 
are volatile or can adhere to soil or particles in the air. In 
aquatic systems, organochlorine pesticides are adsorbed 
onto sediments in water that can then bioaccumulate in 
fish and other marine mammals. Because these chemicals 
are soluble in fat, they are found at higher concentrations 
in fatty foods. In the general population, the diet is the 
main source of exposure to organochlorine pesticides, 
primarily through the ingestion of fatty foods (such as 
milk, dairy products, and fish). Minor sources of 
exposure for the general population include contaminated 

drinking water and air. Infants can be exposed to these 
chemicals through breast milk and the fetus can be 
exposed in utero via the placenta. Workers can be 
exposed to organochlorine chemicals in the manufacture, 
formulation, or application of these chemicals. The U.S. 
FDA, U.S. EPA, and OSHA have developed criteria on 
the allowable levels of certain organochlorine chemicals 
in foods, the environment, and the workplace.  
 
Organochlorine pesticides vary in their chemical 
structures and mechanisms of toxicity. They can be 
classified into four categories: dichlorodiphenylethanes 
(e.g., DDT), cyclodienes (e.g., heptachlor, dieldrin), 
chlorinated benzenes (e.g., hexachlorobenzene [HCB]), 
and cyclohexanes (e.g., hexachlorocyclohexane [HCH]). 
Table 226 shows the parent organochlorine pesticides 
and their metabolites that were measured for this Report. 
For example, DDT metabolizes to DDE. Measurements 
of these chemicals can reflect either recent or 
accumulated chronic exposures or both. Some of the 
metabolites can be produced from the metabolism of 
more than one pesticide. In addition to reflecting 
exposure to the parent pesticide, the level of the 
metabolite in a person’s blood or urine may also reflect 
exposure to the metabolite itself if it was present in the 
person’s environment. The health effects of exposure to 
organochlorine pesticides on the general population at 
current levels of exposure are unknown.

Table 225. Organochlorine pesticides and their metabolites 

Organochlorine pesticide
(CAS number)

Serum pesticide or metabolite(s)
(CAS number)

Urinary pesticide or metabolite(s)
(CAS number)                          

Hexachlorobenzene (118-74-1) Hexachlorobenzene (118-74-1)
Pentachlorophenol (87-86-5)
2,4,6-Trichlorophenol (88-06-2)
2,4,5-Trichlorophenol (95-95-4)

Hexachlorocyclohexanes 
Hexachlorocyclohexane (608-73-1) 
including beta-HCH (319-85-7) and 
gamma-HCH (58-89-9) isomers

Pentachlorophenol (87-86-5)
2,4,6-Trichlorophenol (88-06-2)
2,4,5-Trichlorophenol (95-95-4)

Pentachlorophenol (87-86-5) Pentachlorophenol (87-86-5)

Trichlorophenols
   Including 2,4,5-Trichlorophenol (95-95-4) 
   and 2,4,6-Trichlorophenol (88-06-2)

2,4,5-Trichlorophenol (95-95-4)
2,4,6-Trichlorophenol (88-06-2)

DDT (50-29-3)
   p,p’ -DDT (50-29-3)   
   o,p’ -DDT (789-02-6)

p,p’ -DDE (72-55-9)  

Heptachlor (76-44-8) Heptachlor epoxide (1024-57-3)
Chlordane (12789-03-6) Oxychlordane (27304-13-8)

Mirex (2385-85-5) Mirex (2385-85-5)

Aldrin (309-00-02)
Aldrin (309-00-02)
Dieldrin (60-57-1)

Dieldrin (60-57-1) Dieldrin (60-57-1)  
Endrin (72-20-8) Endrin (72-20-8)
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Organochlorine Pesticides 

  
 

 

Table 231. gamma Hexachlorocylclohexane (whole weight) 

Survey Sample
years size

Total, age 12 and older 99-00 *  < LOD  < LOD  < LOD  < LOD  1799

 01-02 *  < LOD  < LOD  < LOD  < LOD  2280

Age group             

12-19 years 99-00 *  < LOD  < LOD  < LOD  < LOD  660

 01-02 *  < LOD  < LOD  < LOD  < LOD  758

20 years and older 99-00 *  < LOD  < LOD  < LOD  < LOD  1139

 01-02 *  < LOD  < LOD  < LOD  < LOD  1522

Gender             

Males 99-00 *  < LOD  < LOD  < LOD  < LOD  863

 01-02 *  < LOD  < LOD  < LOD  < LOD  1060

Females 99-00 *  < LOD  < LOD  < LOD  < LOD  936

 01-02 *  < LOD  < LOD  < LOD  < LOD  1220

Race/ethnicity             

Mexican Americans 99-00 *  < LOD  < LOD  < LOD  < LOD  631

 01-02 *  < LOD  < LOD  < LOD  < LOD  563

Non-Hispanic blacks 99-00 *  < LOD  < LOD  < LOD  < LOD  380

 01-02 *  < LOD  < LOD  < LOD  < LOD  509

Non-Hispanic whites 99-00 *  < LOD  < LOD  < LOD  < LOD  646

 01-02 *  < LOD  < LOD  < LOD  < LOD  1045

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th

Geometric mean and selected percentiles of serum concentrations (in ng/g of serum or parts per billion) for the U.S. population
aged 12 years and older, National Health and Nutrition Examination Survey, 1999-2002.

Geometric Selected percentiles
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Organochlorine Pesticides 

 
 
 
 
 

 

Table 247. trans-Nonachlor (whole weight) 

Survey Sample
years size

Total, age 12 and older 99-00 .109 (.099-.119) .105 (.093-.123) .212 (.187-.233) .369 (.325-.418) .544 (.468-.628) 1933

 01-02 .104 (.093-.116) .112 (.097-.124) .217 (.191-.243) .389 (.328-.470) .589 (.432-.797) 2286

Age group             

12-19 years 99-00 *  < LOD  < LOD  .089 (.063-.106) .111 (.100-.128) 664

 01-02 *  < LOD  < LOD  .067 (.059-.083) .093 (.075-.125) 758

20 years and older 99-00 .128 (.116-.141) .126 (.107-.147) .233 (.212-.255) .401 (.360-.461) .573 (.494-.686) 1269

 01-02 .125 (.111-.141) .133 (.118-.148) .241 (.213-.278) .418 (.347-.537) .642 (.469-.843) 1528

Gender             

Males 99-00 .106 (.098-.114) .103 (.089-.118) .207 (.179-.224) .353 (.305-.401) .514 (.401-.628) 922

 01-02 .105 (.091-.122) .112 (.091-.134) .224 (.192-.263) .379 (.310-.495) .579 (.390-.828) 1062

Females 99-00 .111 (.099-.125) .112 (.093-.131) .220 (.185-.250) .383 (.310-.452) .573 (.463-.694) 1011

 01-02 .103 (.093-.113) .109 (.094-.123) .214 (.184-.241) .395 (.341-.448) .589 (.429-.825) 1224

Race/ethnicity             

Mexican Americans 99-00 *  < LOD  .165 (.124-.205) .300 (.244-.344) .387 (.318-.520) 650

 01-02 .071 (.056-.091) .064 (.044-.094) .156 (.123-.209) .328 (.272-.394) .465 (.354-.594) 558

Non-Hispanic blacks 99-00 .112 (.093-.134) .101 (.082-.134) .215 (.174-.297) .481 (.340-.595) .748 (.511-.955) 404

 01-02 .106 (.085-.131) .107 (.080-.125) .218 (.162-.313) .485 (.316-.680) .680 (.408-1.19) 514

Non-Hispanic whites 99-00 .116 (.104-.129) .119 (.100-.137) .214 (.185-.244) .366 (.302-.437) .513 (.435-.632) 722

 01-02 .108 (.096-.122) .117 (.101-.133) .220 (.191-.250) .388 (.305-.494) .596 (.402-.927) 1052

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th

Geometric mean and selected percentiles of serum concentrations (in ng/g of serum or parts per billion) for the U.S. population
aged 12 years and older, National Health and Nutrition Examination Survey, 1999-2002.

Geometric Selected percentiles
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Organophosphate Pesticides: Dialkyl Phosphate Metabolites 

 
Dimethylthiophosphate 
 
 
 

 

Table 261. Dimethylthiophosphate 

Survey Sample
years size

Total, age 6 and older 99-00 1.82 (1.36-2.44) 2.70 (1.20-4.00) 10.0 (8.10-15.0) 38.0 (17.0-38.0) 46.0 (38.0-62.0) 1948

 01-02 *  .450 (<LOD-1.41) 4.02 (2.90-5.60) 16.2 (12.4-22.9) 32.6 (26.6-45.3) 2518

Age group             

6-11 years 99-00 2.72 (1.93-3.85) 4.10 (2.40-7.00) 20.0 (13.0-28.0) 40.0 (38.0-52.0) 62.0 (40.0-92.0) 471

 01-02 *  1.44 (.600-2.69) 8.33 (5.75-14.0) 28.2 (19.7-41.4) 45.7 (28.5-74.5) 575

12-19 years 99-00 2.53 (1.64-3.92) 3.60 (1.60-6.50) 16.0 (8.80-24.0) 37.0 (21.0-38.0) 69.0 (38.0-260) 664

 01-02 *  1.03 (<LOD-2.10) 4.83 (3.35-6.48) 20.8 (12.2-27.9) 33.9 (23.6-54.7) 822

20-59 years 99-00 1.59 (1.17-2.16) 2.20 (.830-3.80) 9.10 (7.10-13.0) 38.0 (15.0-38.0) 38.0 (38.0-49.0) 813

 01-02 *  < LOD  3.32 (2.28-4.87) 13.6 (9.50-20.0) 29.5 (20.5-45.3) 1121

Gender             

Males 99-00 2.10 (1.48-2.98) 3.40 (2.10-4.60) 13.0 (8.00-22.0) 38.0 (15.0-38.0) 41.0 (38.0-53.0) 952

 01-02 *  .610 (<LOD-1.41) 4.21 (3.07-5.97) 18.3 (12.2-27.2) 30.4 (25.0-43.3) 1187

Females 99-00 1.59 (1.23-2.06) 2.00 (.570-3.60) 9.70 (7.30-14.0) 38.0 (20.0-38.0) 52.0 (38.0-110) 996

 01-02 *  < LOD  3.76 (2.50-5.71) 15.9 (10.6-22.0) 34.3 (23.2-47.3) 1331

Race/ethnicity             

Mexican Americans 99-00 1.79 (1.05-3.05) 2.00 (.530-4.40) 10.0 (6.60-17.0) 38.0 (32.0-62.0) 130 (46.0-230) 671

 01-02 *  < LOD  3.74 (2.66-5.18) 15.1 (11.1-19.1) 35.2 (19.1-46.0) 678

Non-Hispanic blacks 99-00 2.13 (1.57-2.88) 3.60 (2.10-4.70) 11.0 (8.40-17.0) 37.0 (19.0-41.0) 39.0 (37.0-100) 509

 01-02 *  1.25 (.650-2.05) 5.54 (3.29-9.41) 20.6 (15.6-27.7) 42.2 (27.2-62.8) 695

Non-Hispanic whites 99-00 1.77 (1.23-2.53) 2.60 (.720-4.40) 11.0 (7.50-17.0) 38.0 (13.0-38.0) 45.0 (38.0-69.0) 595

 01-02 *  < LOD  3.99 (2.46-6.14) 17.0 (10.1-25.0) 32.6 (25.0-50.2) 947

Geometric mean and selected percentiles of urine concentrations (in µg/L) for the U.S. population aged 6-59 years, 
National Health and Nutrition Examination Survey, 1999-2002.

Geometric Selected percentiles
mean (95% confidence interval)

95th90th75th50th

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

(95% conf. interval)

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.
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Herbicides 
 

2,4,5-Trichlorophenoxyacetic Acid 
CAS No. 93-76-5 
 
General Information 
 

The herbicide 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) 
is a chlorophenoxy acid herbicide that was once 
registered for use in the United States. Concern about its 
contamination with 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD) led to the discontinuation of  2,4,5-T in 1985.  
 

Although 2,4,5-T is rapidly absorbed via oral and 
inhalation routes, it is not well absorbed through the skin. 
Once absorbed into the body, 2,4,5-T distributes widely 
and then is rapidly eliminated unchanged in the urine, 
with an elimination half-life of approximately 19 hours 
(Kohli et al., 1974a). 
 

Chlorophenoxyacetic acid herbicides have been 
associated with weakness, headache, dizziness, nausea, 
and abdominal pain as a result of overexposure in 
occupational settings. Some epidemiological studies have 

reported associations between herbicides containing 
2,4,5-T and certain forms of cancer, as well as with other 
health effects, although it is unclear whether or not these 
associations  indicate a causal relationship (Institute of 
Medicine, 2003). It is also unclear whether these 
associations are related to 2,4,5-T or contaminants in the 
herbicide formulation itself (specifically 2,3,7,8-
tetrachlordibenzodioxin). IARC considers the 
chlorophenoxyacetic acids group of chemicals as 
possibly carcinogenic to humans. 
 
Interpreting Levels of Urinary 2,4,5-T Reported in the 
Table 
 
Urinary levels of 2,4,5-T were measured in a subsample 
of NHANES participants aged 6-59 years. Participants 
were selected within the specified age range to be a 
representative sample of the U.S. population. 

 

Table 285. 2,4,5-Trichlorophenoxyacetic acid 

Survey Sample
years size

Total, age 6 and older 99-00 *  < LOD  < LOD  < LOD  < LOD  1814

 01-02 *  < LOD  < LOD  < LOD  < LOD  2538

Age group             

6-11 years 99-00 *  < LOD  < LOD  < LOD  < LOD  430

 01-02 *  < LOD  < LOD  < LOD  < LOD  580

12-19 years 99-00 *  < LOD  < LOD  < LOD  < LOD  618

 01-02 *  < LOD  < LOD  < LOD  < LOD  831

20-59 years 99-00 *  < LOD  < LOD  < LOD  < LOD  766

 01-02 *  < LOD  < LOD  < LOD  < LOD  1127

Gender             

Males 99-00 *  < LOD  < LOD  < LOD  < LOD  891

 01-02 *  < LOD  < LOD  < LOD  < LOD  1192

Females 99-00 *  < LOD  < LOD  < LOD  < LOD  923

 01-02 *  < LOD  < LOD  < LOD  < LOD  1346

Race/ethnicity             

Mexican Americans 99-00 *  < LOD  < LOD  < LOD  < LOD  652

 01-02 *  < LOD  < LOD  < LOD  < LOD  679

Non-Hispanic blacks 99-00 *  < LOD  < LOD  < LOD  < LOD  483

 01-02 *  < LOD  < LOD  < LOD  < LOD  701

Non-Hispanic whites 99-00 *  < LOD  < LOD  < LOD  < LOD  531

 01-02 *  < LOD  < LOD  < LOD  < LOD  957

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th

Geometric mean and selected percentiles of urine concentrations (in µg/L) for the U.S. population aged 6-59 years, 
National Health and Nutrition Examination Survey, 1999-2002.

Geometric Selected percentiles
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Herbicides 

Comparing Adjusted Geometric Means  
 
Geometric mean levels of urinary 2,4-dichlorphenol 
levels could not be calculated for the 2001-2002 
subsample due to the insufficient rate of detection. 
Geometric mean levels for the previous 1999-2000 
subsample were compared after adjusting for the 
covariates of race/ethnicity, age, gender, and urine 
creatinine (data not shown). Non-Hispanic whites had a 
lower adjusted geometric mean levels of urinary 2,4-
dichlorphenol than Mexican Americans. It is unknown 
whether these differences associated with race/ethnicity 
represent differences in exposure, pharmacokinetics, or 
the relationship of dose per body weight.  

Finding a measurable amount of 2,4-dichlorophenol in 
urine does not mean that the level of the 2,4-
dichlorophenol will result in an adverse health effect. 
These data will help scientists plan and conduct research 
about the relation between exposure to 2,4-
dichlorophenol and health effects. These data also 
provide physicians with a reference range so that they 
can determine whether other people have been exposed 
to higher levels of 2,4-dichlorophenol than levels found 
in the general population. 
 
 

 
 
 
 
 

 

Table 290. 2,4-Dichlorophenol (creatinine corrected) 

Survey Sample
years size

Total, age 6 and older 99-00 .994 (.790-1.25) .794 (.645-.917) 2.15 (1.31-3.64) 6.79 (4.68-10.6) 13.9 (9.89-23.7) 1990

 01-02 *  < LOD  2.62 (2.09-3.17) 8.24 (6.06-12.1) 18.0 (12.5-26.2) 2502

Age group             

6-11 years 99-00 1.37 (.932-2.01) .966 (.605-1.36) 3.15 (1.82-6.79) 12.8 (6.12-26.2) 25.3 (11.5-76.9) 481

 01-02 *  < LOD  3.01 (1.75-5.49) 11.0 (7.88-16.5) 26.4 (12.5-58.4) 574

12-19 years 99-00 .877 (.629-1.22) .645 (.438-1.09) 2.19 (1.22-4.19) 5.70 (3.55-10.5) 10.3 (5.19-20.8) 679

 01-02 *  < LOD  2.59 (1.89-3.54) 8.72 (6.40-12.9) 17.7 (14.6-22.5) 819

20-59 years 99-00 .967 (.784-1.19) .795 (.654-.909) 1.95 (1.23-3.42) 6.36 (4.35-8.84) 11.6 (8.70-26.5) 830

 01-02 *  < LOD  2.58 (1.95-3.20) 7.77 (5.41-12.5) 17.2 (10.6-26.8) 1109

Gender             

Males 99-00 1.04 (.742-1.44) .819 (.577-1.11) 2.51 (1.27-4.77) 7.55 (4.81-11.2) 12.3 (8.98-27.9) 971

 01-02 *  .658 (.481-.840) 2.82 (2.45-3.23) 8.25 (5.70-12.5) 15.6 (11.1-24.9) 1178

Females 99-00 .955 (.791-1.15) .735 (.613-.870) 1.91 (1.36-2.67) 6.66 (4.12-10.2) 15.3 (8.84-28.9) 1019

 01-02 *  < LOD  2.37 (1.50-3.36) 9.02 (6.23-12.5) 19.1 (12.5-33.8) 1324

Race/ethnicity             

Mexican Americans 99-00 1.62 (1.11-2.37) 1.15 (.798-1.90) 4.00 (2.61-7.14) 19.8 (10.2-47.6) 48.7 (26.7-65.9) 695

 01-02 *  .779 (.500-1.63) 4.28 (2.96-7.15) 15.6 (11.3-29.9) 41.5 (23.1-54.5) 677

Non-Hispanic blacks 99-00 1.52 (.923-2.51) 1.16 (.636-2.15) 5.12 (1.62-8.82) 12.7 (6.06-46.8) 28.9 (8.60-161) 518

 01-02 *  1.44 (.970-2.02) 6.68 (4.47-8.57) 23.9 (17.2-32.8) 53.3 (31.0-85.5) 695

Non-Hispanic whites 99-00 .843 (.666-1.07) .663 (.562-.840) 1.58 (1.14-2.39) 5.00 (3.06-9.33) 10.7 (6.00-21.3) 603

 01-02 *  < LOD  1.91 (1.36-2.57) 5.49 (4.55-6.86) 11.0 (6.64-17.4) 931

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th

Geometric mean and selected percentiles of urine concentrations (in µg/g of creatinine) for the U.S. population aged 6-59 years,
National Health and Nutrition Examination Survey, 1999-2002.

Geometric Selected percentiles
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Herbicides 

have toxicity similar to atrazine. Atrazine is listed as “not 
classifiable” by IARC and as “not likely to be a human 
carcinogen” by the U.S. EPA.  
 
Interpreting Levels of Urinary Atrazine Mercapturate 
Reported in the Tables 
 
Urinary levels of atrazine mercapturate were measured in 
a subsample of NHANES participants aged 6-59 years. 
Participants were selected within the specified age range 
to be a representative sample of the U.S. population. 
 
In the both NHANES 1999-2000 and 2001-2002 
subsamples, urinary levels of atrazine mercapturate were 
below the limit of detection. A low frequency of 
detection for atrazine mercapturate in urine was 
previously reported in the U.S. population (Macintosh et 

al., 1999) and in a study of children 3-13 years of age 
(Adgate et al., 2001). In contrast, atrazine has been 
detected more frequently among farmers who apply this 
herbicide. For example, atrazine was detected at a mean 
concentration of 14.2 µg/L in a study of farmers (Perry et 
al., 2000). 
 
Finding a measurable amount of atrazine mercapturate in 
urine does not mean that the level will result in an 
adverse health effect. These data will help scientists plan 
and conduct research about the relation between 
exposure to atrazine and health effects. These data also 
provide physicians with a reference range so that they 
can determine whether other people have been exposed 
to higher levels of atrazine mercapturate than levels 
found in the general population. 

 
 
 

 

Table 292. Atrazine mercapturate (creatinine corrected) 

Survey Sample
years size

Total, age 6 and older 99-00 *  < LOD  < LOD  < LOD  < LOD  1878

 01-02 *  < LOD  < LOD  < LOD  < LOD  2476

Age group             

6-11 years 99-00 *  < LOD  < LOD  < LOD  < LOD  449

 01-02 *  < LOD  < LOD  < LOD  < LOD  568

12-19 years 99-00 *  < LOD  < LOD  < LOD  < LOD  639

 01-02 *  < LOD  < LOD  < LOD  < LOD  808

20-59 years 99-00 *  < LOD  < LOD  < LOD  < LOD  790

 01-02 *  < LOD  < LOD  < LOD  < LOD  1100

Gender             

Males 99-00 *  < LOD  < LOD  < LOD  < LOD  919

 01-02 *  < LOD  < LOD  < LOD  < LOD  1162

Females 99-00 *  < LOD  < LOD  < LOD  < LOD  959

 01-02 *  < LOD  < LOD  < LOD  < LOD  1314

Race/ethnicity             

Mexican Americans 99-00 *  < LOD  < LOD  < LOD  < LOD  667

 01-02 *  < LOD  < LOD  < LOD  < LOD  676

Non-Hispanic blacks 99-00 *  < LOD  < LOD  < LOD  < LOD  498

 01-02 *  < LOD  < LOD  < LOD  < LOD  683

Non-Hispanic whites 99-00 *  < LOD  < LOD  < LOD  < LOD  550

 01-02 *  < LOD  < LOD  < LOD  < LOD  918

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th

Geometric mean and selected percentiles of urine concentrations (in µg/g of creatinine) for the U.S. population aged 6-59 years,
National Health and Nutrition Examination Survey, 1999-2002.

Geometric Selected percentiles
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Pyrethroid Pesticides 
 

cis-3-(2,2-Dichlorovinyl)-2,2-dimethylcyclopropane Carboxylic Acid 
CAS No. 55701-05-8  
 
Metabolite of cis-Permethrin, CAS No.61949-76-6; Cyfluthrin, CAS No.68359-37-5; and  
cis-Cypermethrin, CAS No. 52315-07-8 
 
General Information 
 

Cis-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane 
carboxylic acid is a metabolite of cis-permethrin and 
other pyrethroid insecticides. Cis-permethrin is an isomer 
that is commonly present in insecticide formulations 
containing permethrin as an active ingredient. Permethrin 
is the most commonly used pyrethroid on agricultural 
crops in the United States, and it is the most commonly 
detectable pyrethroid in foods. Permethrin is also used in 
residences to control home and garden pests and in 
public health programs to control mosquitos. The cis- 
isomer of permethrin has more potent insecticidal 
activity than trans-permethrin. The metabolic 
transformation of cis-permethrin to cis-3-(2,2-
dichlorovinyl)-2,2-dimethylcyclopropane carboxylic acid 
can also occur in the environment (George, 1985). Thus, 
in addition to reflecting exposure to cis-permethrin and 
other pyrethroids, the detection of cis-3-(2,2-
dichlorovinyl)-2,2-dimethylcyclopropane carboxyclic 
acid in the urine may also reflect exposure to the 
metabolite if it was present in the person’s food or 
environment. 

The chemical cis-3-(2,2-dichlorovinyl)-2,2-
dimethylcyclopropane carboxylic acid is also a 
metabolite of other pyrethroids, including cypermethrin 
and cyfluthrin (Kuhn et al., 1999). Thus, the detection of 
cis-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane 
carboxylic acid in the urine may reflect multiple sources 
of environmental exposure to different pyrethroid 
insecticides.  
 
Interpreting Levels of Urinary cis-3-(2,2-
Dichlorovinyl)-2,2-dimethylcyclopropane Carboxylic 
Acid Reported in the Tables 
 
Urinary levels of cis-3-(2,2-dichlorovinyl)-2,2-
dimethylcyclopropane carboxylic acid were measured in 
a subsample of NHANES participants aged 6 years and 
older. Participants were selected within the specified age 
range to be a representative sample of the U.S. 
population. The 95th percentile values in the 2001-2002 
subsample are similar to the corresponding 95th 
percentile values reported in a study of children and 
adults in Germany (Schettgen, et al., 2002a). Other 
investigators in Germany detected cis-3-(2,2-

 

Table 302. cis-3-(2,2-Dichlorovinyl)-2,2-dimethylcyclopropane carboxylic acid 

Survey Sample
years size

Total, age 6 and older 01-02 *  < LOD  .160 (.120-.200) .490 (.380-.670) .890 (.740-1.10) 2539     
Age group             

6-11 years 01-02 *  < LOD  .110 (<LOD-.170) .360 (.280-.590) .730 (.490-.870) 580     
12-19 years 01-02 *  < LOD  .150 (<LOD-.210) .430 (.300-.630) .720 (.630-.920) 831     
20-59 years 01-02 *  < LOD  .160 (.120-.220) .510 (.390-.720) .960 (.790-1.28) 1128     
Gender             

Males 01-02 *  < LOD  .140 (.100-.200) .470 (.370-.610) .880 (.650-1.35) 1193     
Females 01-02 *  < LOD  .180 (.120-.240) .500 (.360-.740) .880 (.790-1.08) 1346     
Race/ethnicity             

Mexican Americans 01-02 *  < LOD  .130 (.100-.180) .290 (.250-.380) .510 (.380-.580) 680     
Non-Hispanic blacks 01-02 *  < LOD  .270 (.220-.350) .640 (.570-.700) .840 (.710-1.24) 701     
Non-Hispanic whites 01-02 *  < LOD  .130 (<LOD-.200) .500 (.330-.790) .890 (.670-1.28) 957

Geometric mean and selected percentiles of urine concentrations (in µg/L) for the U.S. population aged 6-59 years, 
National Health and Nutrition Examination Survey, 2001-2002.

Geometric Selected percentiles

< LOD means less than the limit of detection, which may vary for some chemicals by year and by individual sample. See Appendix A for LODs.

* Not calculated. Proportion of results below limit of detection was too high to provide a valid result.

(95% conf. interval)

mean (95% confidence interval)

95th90th75th50th

Third National Report on Human Exposure to Environmental Chemicals 408 


















